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PEFIFITE PROJECT REPORT
WOKCESTER DIVERSTON . AR

SEOTION 2 - S

PERUINZIT DATA -

LOCATION OF DX ERSIOH

Diversion extends from Leesville Pond on Kettle Brock at Hile 53
avove the mouth of the Blackstone River to the Blackstone River
at the mouth of Hull Erock (Mile L6). Project is located in the
Towns of Auburn and Millbury, Worcester County, lessachusetts,
approximetely 28 miles airline distance west of Boston, Hassa-
chusetts, 28 miles northwest of Providence, Rhede Island, and
Lis5 miles south of Vorcester, Massechusetts,

DRAINACGE AREAS

leesville Pond (Diversion intake) 31.%
Kettle Brook at Geging Stetion . 31,3
Middle River at Jurction Tatnuck Brook mmd Kebitle Brook 51
Blackstone Kiver et Mull Brook: 69,8
Blackstone River =t mouth o 5L0

STREAIL F1OW

Record of U 8,0G.8, Gaging Station on Lettle Broek (31.3 Sqelfi.)

A A

Cu. Pt Cuelta FPer Sec.
Acre Feet  Per Sec. per Sq. 1.

Average Annual (5 wears

1939-1943) 26,260 359 1,15
Maximum Year (1940 33,590 L5.9- Lely7
Minimun Year (19L1) 15,270 20.9 0.67
Hoximum Month (April 1940) 11,820 197 6,430
Finimum Month (Octa. 19%9) . 560 9.01 0429

Moaximum Flood of Record - March 1936

Drainsge Area . Peak Pischarge

Location - . sg. miles cueft. per sec.
¥ettle Broo“ et YWorcester %1% 2520
i Blackstone a't Northbridge _ 137 7510
Blackstons at Blackstone © ARl 13500
Blaclstone at"oonsocket 116 15000

DESIGN FLOCD DATA

Total voiume of rainfall, inches ‘ ' 15.5
Tetel volume of runoff, inches _ 10.3
Duration of flood, days ' )
Haximun inflow at Leesville Pond; c.f.s. _ 5,600
Maximum flow in Diversion, c.f.s. ' 5,500

Flow over Leesville Dam
Maximum £low in Bleckstone River at mouth Hnll Brook, cef.se 11,4L00

-l -
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TUNNEL
Type - Circular conerete in earth and concrete lined cireular in
rock.
Length, fest - - ' I, 520
Diameter in feet : o 16
Elevation invert at intake portal ' 1h55.0
Blevation irvert et outlet portal : o - Lo7.0
Design Capacity, Cefese + . SRR 5,600
. : ' I ! o
Stilling Basin
Type; L ‘ Conerete lined with end Welr.
Length ' I , ‘ 220 £t
Bottom eleve . ‘ : . Lo5,0 m.s.l.
Bottom width = . , | 16 £ta to 4O ft.
THTALE | .
Type C . Gate comtrolled
8111 elevation ' _ , . : 155
Headwater elevation under design flood - - h8l.s
Service Gates
Hamber g o . : _ A
Size a o brxler
Type Flectrically operated cast iron sluice pates.
Covbined Capacity : o ‘ 5,880 cufese
Bnergency Gate
umber f o 1
Size _— : o 6t x 12!
Type . © Crane opersted truck steel gate.
Typé ‘ : ' Open in roecl end earth.
Length : o ‘ ‘ 10,300
Bottom width N . LDY in rock - 507 in earth
‘ Slopes : b on 1 in reck - 1 on 2-1/2 in eart
BSTINE TED P{OJT‘CT COST ((,u'r"r'ent nmces)
Foderal Cost
Total congtruction cost = ' $3,35%,000
City of Worcester
Relocations h S e 245,000
Land Acquisition - S 76,000
Total . o %21,000
Total Project Cosb B T 43,671,000



SuOTIO 3
PRDJEOT AUTFORIZATION

1. The flood protection plan for the Plackstone River Basin waSu
anproved by the Flood Control Act, approved 22 December. 19hh (FPublic
: LaM 534 ~ 78th Congress) whlch reads, in part as. follows

"Sec, 10, That the fcllow1ng works of 1mprovement for the
benefit of navigation and the control of destructive flood waters and
other purposes are hereby adopted and authorized***

Mx%* The project on the Blackstone River for local flood pro-
tection at Worcester, Massachusetts, is hereby authorized substantially
in accordence with the Recommendation of the Chief of Fngineers in House
Decument No, 62l, 7%th Congress, 2d Session, at an estimated cost of
$2,232,000."

2, Local cooperation is reguired as recommended by the Chief of
Engineers in House Document N¥o. 624, 78tk Congress, 24 Session, which
reads, in part, &s follows:

"Par, 1k, ***, provided local interests give assurances sab-
-isfactory to the Secretary of War that they will furnish without cost to
the . United States all lands, easeéements, and rights-of-way; hold and save
the United States free from claims for damages due to the construction
works; malntain and operate all the works after completion in accordance
with regulations prescribed by the Secretary of War; construct two high-
way bridges and one rallroad brid g6 across the Worcester Diversion chan~.
nelo *** It .

SECTION %

INVESTIG&TIONS

%. Preliminary Renort Authorl zation. — The FPlilood Control Act ap—-
proved 22 June 1936 (Public Wo. 738, 7hth Congress) authorized a pre-
liminary examlnation and survey for flood control of the Blackstone River
and its tributaries, Rhode Island and Massachusetts., The preliminary
examination repeort was sutmitted on 3l QOctober 13363* :

4, ZReport on Survey. - A survey report was directed to be made by
Congress upon the recommendabion of the Board of Fngineers for Rivers
and Harbors made on 21 December 1936_ The Chief of Engineers in a letter
dated 30 July 1937 authorized the survey report. A revort entitled,
"Report on Survey for Flood Control, Blackstone River," dated 30 March
1940, by the United States Engineer Office, Providence, Rhode Island, was
gabmi tted to the Chief of EnWineers, U. S. Anny, Washinvton. D, C.

b. The report of the Board of Englneers for Rivers and Harbors
on survey reports on the 51ackstone River ig¢ contained in House Decument
¥o. 62k, 78th Congress.



5. Definite Project Report Investigations. - The definite project
proposal is based on detailed surveys of the tunnel and channel areas;
adequate borings and seilsmic investigatlons of tunnel, channel and struce
ture foundation materlals; detailed hydraulic and hyirologlcal studles- ’
and basie deszgn studies-as outllned herein.

6. Public Hear1n§§.‘y ﬂ.public hearing was held at Woonsocket
Rhode Island, on 3 Augast 1939, in connection with the survey report,
o puhl;c,haaring_was_hgtd for. this gpecific pro;gpt. . -

" SEOTION 5
" LOCAL COOPRRATION

‘Z.MiLocal GOOperationdréquiréd‘b§‘thé aﬁthorizing_legiglatibn is as
follows: ' ~ o ,. T Ee T

That loecal interests will furnish wi thout cost to the United
States all lands,'easements, and r1ghts—of~Way“hold and save the United
States free from claims for damages due’to. the construction works: main-
tain and operate all the works after completzon in accordance W1th regu-
lations prescribed by the Secretary of War; construct two highway bridges
and one railrosd bridge across the Worcester Diversion Channel; relocate
_three telephone service polesy lower a petroleum pipe line and care for
an 8—1nch water main under the present. brillge on Greenwood Street, The .
q:estimated total . cost to the Gity of Jorcester is $321, OOO ’

. 8,_ Informal assurances have been requested on the items: stated in
paragraph 7. A Brochure ‘has been prepared ‘and sent to the offlcials of
the City of Worcester to assist the city in considering this project. No

reply has, as yet, been received, On the basis of informal discussions

with City officials, 1t is anticipated that the assurances of local co-
operation will he fortheoming, However, there is no legal basis on which
the city can acquire lands outside. the city limite and an enabling act by
the State Legislature will be requifed, 1% is understood that an enabling
act w;ll ‘be presented at. the next regular session of the Masqachusetts

Leglslature which is presently acheduled for, 2 Januarv 19”?

' 9. The names, titles and addresses of the nrlnclpal municipal
officers responsible for the fulfillment qf 1oca1 cooperation reculre~
ments are as follows~
o Honorable Charles T, Jfo Sulllvan ,-"'

. Mayor, . Citv of Worcest@r _______
7 Gity Hali e
"““ercester, Massachusetts _;;_';”

i_Mr. Wllliam B Lynch Chalrman
‘Financeé Conmittee

. 10 May Street

-H_Worcester, hassadhusetts

:
-7 -



FOCATION OF PROJECE AYD TRIBUTAKY LARREA

10, Location (oec Plate ﬂo. 2), - Lettic sqd Tatnu 15 Brooké dreining
areas of 2l and 17 square miles, respectively, rise in ths northernmost’
pert of the Bleckstone River basin and drain generally southvard joining
in upper Worcester o form the kiddle River. The ifiddleé River flows
through the clty and "01ns 1111 Brook ‘to form the Bluc stong River in the
southerly pwrt of the clty. Hull Brook joins the Blookstong River upprox1-.
motely l/l mlla downotrg&m,of the cltj limits.,

11, The 1ntake of tno lOTCEotbr Diversion is located L.QS niles up?
stream from.the junction of Kettle and Tatnuck Brooks 6n the casterly ddge

of Leesville FPond, .en apbificial pond on Kettle Brool .~ From the intoke
the diversidn passes southerly in a tunnel through P&K“ChOug Hill thence
in. onopen chenmel along the bed of Hull Brook to thé .Blacksbone River.
The intake is located 4.5 miles south of the center of Worcester snd the
entire project lies in the tovms of Auburn end M¥illbury, ¥Worcestor County,
‘MuSudPhUSC%tmu

12= Trlbutary Ares, - Tho drainage arce trlﬁutcrf te Tecaville Pond

on Kottle Brook is 315 squere miles, and consists generally of rugged,
wooded, sparsely sottled terrain (sce Plate No. 2). Mony small natural
ponds org found within the basin zud the upper reaches of Fetble Brook

Bro dbvelopcd by & series of reserveirs for weter supply for the City of

orcgstor,. Jeturel run-off from all brenches is flashy end retording is

Fll?lblc singe the weter supply reservoirs are genernlly filled before
“loodlno ocours.

13, Protected Ares, - The puvnoso of the Diversion iz to provide
flood proteetion to the City of Yorcester and cspceinlly to the extensive
industrial end residentisl vroverty located aleng o'récch of soven miles

of the Middle River and Blockstons River asbote the Soulh Works Dam of
the Ancrican Steel & Wire Co, v '

SROTION 7

. - C DEPINITE PROJECT PLAN

1. Recormended Préj@_t‘?lihd ~+The definite projoct plin for the
morﬁcutcr Divorsion Projcet is shown’ dn . Plutco Hose 3 to 7. anluolv ond
includes the comstrucs;on of an. intcke Struoturo hous LN h’g potos, 4
16=foot dismeter eonércte tunmcl in carth, extendin EOO foot in length
from the Leesville Pond to rock in Pakachoag Hill; a 16«foot tudnel in

- rock approximately 4,000 foct in length through ﬁakachoc Hill; o L=
foot wide chennel in rock 1,000 fect in length and a FO- foot wide channel
in carth 9,300 fect in length to the Blackstone River ot the mouth of Hull
Brooke The project requircs the- eonstruetion of one highwoy bridge under
U. 5. Route 20, one highway bridge undqr Groenwood Strect, (e Bown rord),
o railroad bridge at-the-Few Yeork; New Hevon and Hortford Reilrond ond
winor wiility relocoticons... chllts of Hhrirgs tekon t‘thg site, logs of
borings, soils and geolomical studies are shown on the hinte ,anﬁ discus=-
sed in dotail in Appendiccs I1F ond IIi. For further aescrlpt_ on’ of” struce

- 8w



tures and improvements, see Séotion 107

15. Dosign Flood. - Doteilod eriteria and Hethéd. of computing the
design flood are. snown in Appondlx I, Hydrology. Thcy arc summarized as
follows: . : : S R

5

The D951gn Floed fer the Morcootcr D1vers;on is buSQd upon tho

mux1mum storm of record in the vieinity, thet of September 1938.° One o
-the centers of the storm was over Barre, lossechusetts, only 20 miles’
northeast of the center of the drainage -area tributary to the Worcestor
Diversion.  This storm conter was tronspesed to the 31,7 sge mile aroa:
above the Diversion Inteke and infiltration was allowad ot the rate ot
which it occurred on this aren during the same storm. A 6=hour unit-
hydrograph derived from the record of the Scptember 1938 flood ot the
Vighgter Street Gaging Station wes applied to the resulting 10.27 inch
of rainfall excess for the transposed storm te compute the hydrograph of
the design flood. This hydrograph has o peak rote of discharge of 5600
C_.faSo - . - R -

16, Capacity. - The capacity of the Worcester Diversion is 5600 c.f.s.
~when the pool inm Lecsville Pond is ot elevation LBh.5 mes.l. This rate of
discharge is the same as the peok retog of inflow to Lecsville Pond for
the. Design Flood. .o

-1?, loods of Record.. = 4 stream goging station was cstablished by
the Ue §. Geologioal Survey ot the Webster Street Bridge just . below Lees-
ville Pond Dom, in August 1923, "Since thet date only two dameging floods
have occeurred. The flood of larch 19%6 hed two pecks 6, days spart. The
first occurred on 12 Morch and smounted to 1340 c.f.s. and the second
cacurred on 18 HMarch and gmounbed to 2520 ¢.f.s. which is the lorgest
-recorded rate of dischargze. The flood of 21 September 1938 hod o poak
dischargﬂ of 1300 cefess Tho volume of runcf?i for thc sceond risc of
Iinrch 1936 wav computced ot 5.81 1nobos ad the volume of 1he ocv*omaur
1938 f£lood at h.eé incheos . - !

18. Hiscellancoug, - a. Malaria Control. - The projcct plan pro-
vides ne spocind ifoeture for meiarie control. No chonge is made in nore
mal surface water conditions along the channel portion of the Diversion
and the only affect of the project on the breeding of mesquito larvee
will be the lowering of ground waters adjscont to the outlet chonnel.

: ~ Be Provisions for Figh and Wildlife. -~ The Fish mnd Wiildlife
‘Service has beoon furmishcd iuformation on this project. Any necessoary
provisions to take core of fish and wildlife will be made colthough
there appear to be no adverse effects on fish ond wildlife duc to the
Diversion. . - .. ‘ ‘ : : . Co ' 5 ‘ -

STETION 8 I T

DFP"LT JRABE FRO1 PR“TV”T DOCUNENY PLIN.'

19, ¥o significant dop“rturos f”om tnﬂ Progoct DomAm nt Plen are.
.proposed. Design refincments arQ:ws_Lollows;L‘ ' oo S



&a. BSize of tunpel, - The survéj report proposed a 17-foot dia-
meter tuanel. Thig size has been reduced to. 16-foot diameter by reducing
the length of tunnel ani lowering the tunnel outlet portal. *.

. Tunnel allvnment - The tunnel allonment was modified: to nro-
V1de a more economical location for the project as.a whole ' :

¢. Stilling Basin, - The stllllng basin, has been modlfled to i
take 1u11 advantage of a-locationr in deep roc& cut

d. Intake. -~ An overflow weir nas been added at the intake to
prévent a fallure due to excessive ve1001tles whlch mlght occur Wlth '
faulty operatlon.m:

SECTION ¢

. OTHER PLANS INVESTIGATED

20, Alternate Plsns. - The type and location of the Diversion as
prODosed, results from several alternate studies made

&, Operatlon of EXlStlng Reservoirs. - The plan provided for
operation of 12 existing resérvoirs to provide fleood controli storage cap-—
‘acity of 5-1/2 inchés on 31,5 sq. miles, The plan was rejected since
operation of the reservolrs fot flood control was Encompaiible with the
‘present: usage for water supply, and power consérvaticn, The purchase of
the reservoire was not ecgnomical, For details see paragraph 41 of H.D,
oEM 78th Congress 2d Session.

‘b; .*?aﬁachoag Dam ~ The plan provided for a single flood con-
trol dam on Kettle Brook, 2.1 miles above its confluence wi th Tatnuck .
Brook, -The: flood control -capacity would be 11,300 acre feet equlvalent
to 7.0 inches of runoff from the drainage area of 30 square miles, The
plan was rejected as being economically inferior to .the Worcester Diver-
‘sion, TFor detalls Bee. paragraph he (a) of 4D, 624, 78th Cong xress, ed
-Se%smon. ,

Allgnment - Several allgnments were studied prior to the
selection Of the lecation ehown in this report, . The allgrments weére pred-
icated on the location of the outlet portal, After thorough consideration,
the most economical, feasible location was chosen, The survey report
alighment was ulscarded when a saving of approx1mately %150 OOO became
apparent : Do oo _ .

d, inta&e - An alt@rnate 1nta<e con51st1ng of a riprapped
chute was considered and discarded when it'bedane aonarent that a velo-
-*c1ty of approximately 20 feet per second could occur over the riprap.
This condition would develop.if vhe. dlverslon remalned in operation after

the flood peak pagged and the chute Wag- Dermitted to bGCOme the control

: Cut and cover conduit o The tunnel in’ earth has been sub-
“stituted for the cut and .cover conduit shown in the survey réevort, The
substitution was made to eliminate heavy excavation, dlsruption of rail-
road and highway traffic and to provlde a suitable work area’ ad}acent to
the construction,

- 10 -



SECTION 10

DESCRIPTION OF PROPOSED STRUCTURE AND IMPROVEMENTS -

21, Intake Weir., -~ A 101-foot weir is providéd at the intake to
prevent fallures due to excessive drawdown and reduce intake maintenance.
The weir is designed to pass the full capacity of the tunnel with the
pond at elevation Y8Y,5 with approach velocities not greater than 5-1/2
ft, per sec, The crest of the weir is elevation U478.0,

- 22, Gabe structure., - The gate structure is located west of and ad-
- jacent to the New Haven Railroad along Leesville Pond, It will be a brick
superstructure on a reinforced concrete substructure. The structure is
founded on a suitable till more fully described in Appendix II and III,

23, ZSquipment. - Bquipment for the Worcester Diversion will con-
sist essentially of those items of equipment to be located in the intake
structure, Eguipment will include three 651 x 12', cast iron, slide type
service gates operated through rigid gate stems by means of electrically-
operated, screw type hoists; one structural steel emergency bulkhead cap~
able of closing under free flow; one traveling crane to handie the emer-
gency bulkhead and to facilitate general maintenance; a gasoline-electric
standby unit to provide power in case of failure of the commercial supply:
a switchboard to control light and power circuits within the intake struc-
ture; and a heating system of sufficient capacity to prevent condensation
of moisture on equipment. The gate operating eguipment will be arranged
to limit the maximum gpeed of opening te a point where the initial surge
of water through the tunnel and channel will be within safe limits.

24, Tunnel in earth. - The project plan includes the construction
of approximately 500 feet of tunnel in earth of inside diameter of 16
feet with 20 inch thickness of reinforced concrete lining, The invert
elevation at the intake is 455.0 m.s.l, which is 29,5 feet below the :
normal water surface (U8l4,5 m,s.1,) of Leesville Pond. (See Plate No, 4,)

25. Tunnel in rock. - The tunnel in rock, 4000 feet in length, will
be constructed through Pakachcag Hill. The tunnel will be 16 feet inside
diame ter with 16.inch thickness of non-reinforced conerete lining. The
surrounding rock will be thoroughly grouted. The elevation for the in-
vert of the tunnel at the outlet portal will be MOT 0 ms.l. (See-
Plate No, L.).

e

26, Stllllng ba31n - A concrete 11ncd stilling ba31n in . rock at
.tnc butlet portal is provided to reduce the tunnel velocities from ap-
proximately 24 %o 11 feect per ‘second for the protection of the channel
in earth and adjacent lands. ) CE

27. Chenpel in rock,’— A channel will e constructed .in rock from
the outlet portal to & point approximately 1000 feet downstream, The’
cross~séction of the channél will be U0 feet wide with side slopes of -
one horizontal to four vertical, The maximum velocity in the channel is
11 feet per second.  The invert elevation of the channel at the st1111ng
basin énd weir will be 407.0 m, 8,1, and the slope w111 be approxlmately
0,001. & 3' x 2' pilot channel will be-cut in thé bottom to drain the-

11 -



§111ling basin, Material not used as rivrap will be spoiled along the
banks, covered w;th sp01l from the earth chanqel and. gra«sed. (See
Plate No 5. )

28. Channel in earth. - A channel in earth will be constructed
from the end of the channel in-rock apsproximately 9300 feet to the
Blackstone Rlver. The elevatlon of the invert of the channel at the
Elackstone River is 397.0 + m,s.1. The crosswsection of the channel
will be 50 feet wide with stde slopes of one vertical to two and one-
half horizontal, The slope of the channel is 0,001, The maximum
velocity in the earth channel is 6 feet per second, The Yridge abut-
ments are to be protected by hand placed riprap and a concrete lining
in the bottom of channel under Route No, 20 highway bridge. The chan-
nel between station 54+00+ and 112+00+ is protected by 2 feet of graded
tunrel muck on the tangents and 2 feet of dumped rock on § inches of
bedding at the curves. This proposed nrotuctlon is based on the econom-
ic use of materials from tunnel and channel excavatlion and is con-
sidered to provide reasonable assurance of ademate protection. More
extensive use of hand placed riprap would greatly increase the cost
ot the project and would be of questionable justification in view of
the present relatively urdeveloped condition of lands immediately ad-
Jacent to the channel, 4 pilot channel of varying cross-section will
be provided in the bottem to carry the normal flow of Hull Brook and
its tributaries. Spoil will be neatly piled along the edges of the
channel in sultable locations and grassed, The location of spoil piles
shown on the plan 1s tentative and subject to revision in subseguent
agreement with the City ¢f Worcester. (Sce Plates Nos. 5 -and:b.)

SECTION 11

FECREATICNAY DEVALOPMENT

29. Recreation facilities. - The project is not suitable for-
the development of rccreational facilities., The project area will be
neatly grassed and ieft in a cordition similar in general landscape
appearance te the grounds of the nearby Worcester Sewage Trbatment
Planz.

SECTION 12-4

EELOCATIONS

D, Tacilities Affected, - The construciicn of the project will
necessitate the following changes to existing facilitiecs, TFor details
see Appendix VII-A, Relccations.

a. Highways, - No highway relocations will be requlrbd @x—
cept a minor revision of grade at the GTLOHWOOd Street brld

b. - Highway Bridgegs. - Two new bridges of KO- foot, clear span',_
will be rcoulrod where the channel crosses U.S, Boute #20 and at Gre @en~
wood Etrect. TFor mdgor diﬂen51ons of structurbs, see PlatCS Fos. B
and 5. : N .

c. Railread Bridge. - A new double track railroad bridge of
Fo~foot elear span will be regquired where the channal crosses the New
York, New Haven and Hartford Railroad near the Blackstone River, TFor
major structure dimensions sce Plate No. 6,

- 12 -



o [P A ,-‘
J, BTN AL SHERE S

oid, Electric Power Bistfibumidn and Telephone Lines; - Two or

three ‘electric and telephone service poles will be relocated to aveid 1n—
terference w:th the proposed project

€. Petroleum FPipe’ Line.:~ The 6~inch steel petroleum pipe line
owned by the Socony-Vacuum Company will he: lowered on its present loca~

tlon to a new grade below the channel bottom.

£, Water Mazn. - The g" water main in GreenWOod Street will

- he relocated as a part of the GreenWOQ& $trﬁet Brxdge construction,.

31. ethods of Accompllshment.-- It is contemnlated that the relo~
c¢ations will bYe accomplished by agreements ‘betwsen the City of Worcester
and the owners of the facilities.  The' ¢ost of the relocations will be
borne by locel interests in accorddnce with the recommendations by the
Chief of Bngineers in house Document No. 624 TSth Congress, 24 Session.

32, Cost. - The’ estimated total cost of relocat;ona is $2H5 OOO.
For details, see Appendix VIIaA Reloqations.

SECTION lauB

BEAL ESTATE PLANNING

: " 33.  General, - Real estate plannlng ﬁar th:s project is based
upon acquisition of all ‘rights-af-way and lands by the City of Worcester

-in accordance with the recommendstions of the. Chief of Bogineers (E. Doc.

Wo, 624, 78th Congress, 24 Session). . In general, fee simple title will
probably be acquired to lands in the intake structure area, outlet portal
area and channel area, Basements andfor permits, should suffice for the
areas under which the tunnel will be donstivcted., . For further discussion
regarding the:recommended character of acqu1s1t10n, -see. Appendix VII-B,
The estimated value.of the lardg and. improvements were. determlned after
reaonnaissance of the area ;nvolved : - . ..

SH Real Estate Plannzng. - The estimated total cost of Real -
Estate is $70,000. Extended discussions, recommendations, and esti-
mates of cost for the acquisition.and easement of property situated in
the project area will be found in Appendlx ¥I1-3, Real Bstate Planning.

| SECTION 13 )
AVAITABIL LITY OF comsmmcmmw MATERIALS

35, Construetion materials are avallable at the site of the work
or in clos€ proximity thereto. " Concrete is availablé at a ready-mix
plant lTocated one-half mile from the intake, " Riprap and dumped rock
£ill will be obtained from open cut rock excavation. ODwing to a '

_ scarcity of suitadle gravel in the area, riprap bedding will be ob- .

tained from tunnel’ muck Processed tunnel muck will alsgo ‘be: utxlxﬁed

- for ‘slope protection on earth cut chaniel sectlons.' Top3011 WIll be

obtained from strlpping.




TABLE 1

CONSTRUCTION SEQUENCE AND FISCAL YEAR FUND SCHEDULE

COESTRUCTION YEAR

Y
FIRST

8 ——

SECRID

Figsecal Year

SECOND

THIRD

Honth

Clearlng
82,200

Wator Gontrol
$27,500

Earth Exoawvation
$292,000

Earth Excavatlon (Struoct.)
$ 13,700

177

N

Earth Exoavation (Tunnel)
& 37,300

Rook Exoawation (Open)
$2h2, 000

Rook Exeavation (Tunnel)
$623, 700

Baokfill
$2,600

Topaoil
$24, 800

Fortiliring and Seeding
$23,100

Dumped Rook (24")
849,500

AL .

Riprap, Hand Plaoced (12%)
$61,500

Gradad Tunnel lMuck {24}
$55,000

g A o

Bedding
435,600

Trmnel Grouting
$220,000

00

Tummel Idner Plates
$ 75,900

Consxete (Plain)
§ 73,500

Conerete (Reinforoeod)
$103,700

36 100

Comorete Tunnel Lining
(in earth) $61,000

Conorete Tunnal Lining
{in rock) §6%0,000

Gakes snd Machinery
$55,000

o
N

ito

(atehouso Suparstruocture
$55, 000

Rogineering & Overhead
$558,000 =

24

e,

'/

77

30

Projeot Total
$3,%53,000

a.5

7

LAY

FUNDS EXPENDED BY FIBCHL YEAR

1st Fiscal Yeor
$590L,000 *

2od Fiscal Yeer
£2, 107,800

3rd Fisocal Year
$651,200

NCTEs

Figures under bar sonlo indicate estimeted completien in percent.

# Includes $133,000 estirated totel expenditure prior to 1 April 1948, for Definite Project Report,

Plans and Specifications, sud overhead.



SECTION lh

SGFﬂDULbS TOR PLANNING AND COYEmQUCTTON

36, General. - The estimated time for' completing Worcester Diver-
sion and appurtenant features is 20 months. The work, exclusive ‘of
facilities involved in relocations to be accompllshed by local interests,
will be performed under one principal contract

_37. Contract for Worcester Diversion. - Assun1ng that funneling

operations commence at the cutlet portal and proceed towards the inlet
portal simultaneously with tunnel operations in earth from the upner head-
ing, 14 months will be required to complete tunneling and the diversion
channel, An edditional period of & months will be reguired %to comnlete
the gate structure, tunnel lining, and the intake and outled siructures.
Construction of the channel bridges (by the City) and other features of
the work will be completed during the first year of tunneling, In plan-
ning the tunneling operationsy work from the cutiet portal heading has
been considered to be a prime operation; holing through should take
place at a point only a short distance below ‘the junction of the funnel
in earth and tunnel in‘'rock, This condition has been assumed because of
the slope of the tunnel which decreases the punping recuirements and the
fact that tunneling in earth will be relatively slow, Table I (cpposite
page) indicates the major items of work 1nvolved the estimated cost

and construction period of each,

38, Funds trequired by Fiscal Year:

First Piscal Year:

Contract for Construction : ‘
(inel, Eng. and Overhead) $59U,000*

Second Fiscal Year:

Contract for Construction '
(inel, Eng, and Overhead) $2,107,800

Third Fiscal Year:

Contract for Construction
(inel, Eng. and Overhead) 651,200

Total - . 83 353 000

It is estimated that a mlnlmum of 3 months w111 be regquired to
prepare. contract plans and 30601f1cat10ns after .the approval of the Defi-
nite Project Revort and: receipt of assurances of local cooperatiocn (see
Section 19). The estimated cost of preparing the countract drawings and
Speclflcatlons is $61,000 (including overhead)

*Inciludes $13%,000 estimated total exnendlture nrior to 1 April 1948,
for Tefinite Project Report, Plans and Specifications, and overhead.

-2k -



39.  Man Hbura of Emnloyment.,- ?mn hour emplOyment on this project
ig estimated at 1,000,000 man hourns, 1nc*ud1ng onsite and offsite employ-
ment, This; estamate is- bused on 2l~hour opcratlon within the tunnel. A
Tuble iI 1011011nm gnovrs the.bre wkdown of mon hours os. cutlmeted for eoch
014051P10;t10n of 1ubor, und uppurtenqnt detn. : :

‘j;jj' . 5'{; ;;__. TABEE 17

: Expenditure fbrg;. a@ﬁ,;..'ﬁ' s

Labor &t site - - '7U”f'j SR $l h?B,OOO
Moterial &ud P4Lnt e e ”- 1,180,030
Other Expense snd: Profit -~ . - hOO 000
S Con tructlon Cost = ¢§;5§5,00G_ _
Men “hours crec tpd total v . 1,000,000
At construcilon site R 600,000
_ Processing, trsnsportntlon i PR C
~ end admlnlstrstaon o hoo,000
Velue of mﬂt@rlaIS, total e 30k, 000
Coment, 6%one,. clav and Flass', S
~ products - o 200,000
Iron and steol proﬂucts S 40,000
.- «lnchinery (oxceot elehtrlcai) SO 20,000
Electricnl apparatus . _ 67600
. Forest products: ' . e P .+ 10,000
Chemicals and paint & -+~ o ‘ 8,000
Other mlsc011anoous mcterlol jf;‘f; © 230,000

abor Classlflcablon:"

Supervisory, man hours 53,060
Skilled, men hours . - 100,000
- Unskilled, men hours : _ 550;000'

It is estimeted thet on verﬁpe of 180 men would be omploycd at the
construction site for 20 months bascd upon a ho-hoar wecl !

SECTION: lr

OPFRMTION AND MLINTmN ECE

- Lipe Gpnerﬁl. - Tne orcost?r Dlverslon w111 be o”orﬂ@oa' 11d mbin—q;im

toined, by, the. City of ] 'orcester,,ln accordrncu w1th rukes:os prcscrlbedz;n& .

by the . beuvctary a? ‘e¢.'“'; L N : e

hl.w Operqtlon of the D1vcrs:on¢ -'The IlOOd Cort,ol onoratlon of
the Diversion will B¢ eorried out to reduce flood drmag swes inoothe Cjty .
of Vicrcester. The mojor cffect of the- Ditvorsion will bo %o . roduce’ £lood
demages elong Middle. kﬂver With lesser-effécts being felt in the vicinity
of the Amerﬂoun uteel 5 Wire; “South horko dam 1ocutcd 1 m;le upstream of

1
[]

R
'



the outlet. To this end, the gates of the Diversion will he operated when-
ever necessary to meintain the elevation of Leesville Pond at L484,5 m,s,l.
‘thereby preventing the passage of flood flows cover the Leesville Pond
spillway. Reference is made to paragrach %.03 of Appendix IV for addi-

" tional details of the operation of the Diversion. -

42, Maintenance. - Periodic inspection of the Diversion and appur-
tqnant structures and equipment will be made by the Division Engineer,
Hew England Division, Boston, Massachusetts. Regular care and inspection
will be the duty of the operator who Wlll be provided by the City of
Norcester. ‘

43, Annual Cost, - It is estimated that the total annual cost, in-
cluding operation and malntenance. of the Worcester Diversicn will an-

proximate 6167 B50C per year. Annual cost to local interests will
approximate $17,700 per year. :

SECTION 16

MALARTA CONTROL

L4, lMalaria Control.~ The.project plan provides no special features
for malaria control since no change is made in the normel surface water
conditions in Leesvillie Pond and the channel portion of the Diversion,
and 1s designed to provide drainage of seepage and surface waters inter-
cepted. It is peebable that the project will have some beneficial effect
in reducing the breeding of mosguito larvae by reason 6f the lowering of

ground waters that now create some swampy areas adjacent to the outlet
cnannel

SBOTION 17
COST ESTIMATES

45, Allocation of Cost of Project. ~ The estimatsd grand total
capital cost of this project is $3,674,000, which s all allocated for
¥Flood Control, The cost to the United States will be 83,353,000. The
cost to local ‘interests w111 be - ;321 00,

46, Total Cost. - The total estlmateénédét (1946 prlces) of
$%,67%,000 is made up of thé items as listed elov

i LT Unit

Item - o 7 " ouantity Unit  Price Amount
1 CONSTRUCTION L S : R

Clearing - B o L. S. 8 2,000
Stream Control = l L.5, - - 25,000
Excavation, Zarth (common) 590 000, « ¢.Y. 0.45 265,500
Excavation; -Barth (structural) 6,200° " C.Y, 2,00 12,500
Excavation, Earth (fuanel) - ‘ r,650 c,1, £.00 3,900
Excavation, Rock (open cut) ~.&0,000 ¢ C.Y. 2,75 220,000
Bxcavation, Roeck (tunnel)” 40,500 C.Y.,  1L,00 567,000
Backfill . . 4,860 C.Y. .50 2,400
Dumped Rock o T e 18,000 CLY. 2,50 45,000
C.Y. 2.50 50,000

Graded Tannel Muck ‘ 20,000

- 16 -



R ' B LT T
Item ‘ Quantity Unit  Price Amount

- Riprap, Hand Placed (12%) . 8,000 C.Y. ‘7400 56,000
Redding (tunnel muck) 10,800 C.Y. = 3400 - 32,500
‘Tunnel Grouting - LeSe 200,000
Tunnel Liner, Plates - 160,000 Lb. .15 69,000
Conerote, Ploin 3,730 C.Y.  1B.00 67,10
Concrete, Reinforced ' 2,355  C.Y. 000 o, 200
Concrate Tpnnel Lining (in = . )

onrth) 1,790 C.Y. 31,00 55,490
Concrete Tunnel Lining (in . .
roci) 20,000 . C.Y, 30.00 650G, 000
Gotes & Mochinery.. LeSe 5G, 000
Gatehouse & Mlscoll&ncous ‘ LeSe 50,000
Topsoil -~ - ' e 18,000 C.Y. 1e25 22,500
Fortilizing & Sccdlng - 70 fce 300,00 21,000
Sub-totsl ' o le.Ehl 000
 Contingencics 10% 254,000
Total Comstruction Cost ‘ $2,795,000
2, . DEFINITE PROJECT IBPOAT | . 65,000
3, PLANS AND SPZCIFIC.TIONS . 51,000
lto SUPERVISION & INSPECTION CONSTRUCTION - 221,000
5. COMFLETION REPORT | | 8,000
6- DIV.[ST ON & DISTRI C O\T“:R}l ids D . m_ﬂ?lO:OOO
Total Ls»lmhtcd_Govcrnmont Cost 955 355,000

Quentity Unit Unit

Ttem — i e Price Amount

7. RELOCATIONS
(Bstimeted total cost ineluding
bridges, care of water main,
petroleum pipel ine, and en-
gineering and overhead.) .
{See hppendix VII-A) ‘ 215, 000

8. LANDS & RIGHTS~-OF-WAY
{BEstimeted fotal cost including
land, buildings, rights-of-way,
legel and overhead.) (See

Appendix VII-B) 6,000
, . ) . ...;:.;-H""'#_'

Total Estimeted Cost to Local Interests 221,000

GRAND TOTAL COST OF PROJECT - s - ¥3,67kL,000

-7



SECTION 18

BENEFITS

47. Benefits. - The Worcester Diversion will provide wrotection
against all damages in the City of Worcester due to a repetition of the
flood of record (March 1936). Benaefits for the design flood vary from
complete protection at and above the confluence of Kettle and Tatmuck
Brook to 90% (basis of damages prevented on 1930 valuations) at the south
works of the American Steel and Wire Company. The following table indi-

cates the amount of the losses prevented:

, _ 1356 Flood Design ¥leood
Location of Damage Zons Nat. Mod. Hatural Modified
Diversion %o Curtis Pond Dam $ 48,600 0 $ 216,000 O

Curtis Pond Dam to Middle River Bridge 339,000 0 1,740,000 $185,000
Middle River Bridge to End Diversion 320, 700 0 2,320,000 19C,000

(The atove figures are based on 1939 valuations,)

The area benefitted consists of highly developed industrial and residential
developments, including approximately &0 homes, L0 stores, 22 manufacturing
plants, which in the maximum flocod of record (March 1936) suffered total
direct damages of $708,300, with irdirect damages approximately B0 percent
as great,

SEOTION 19

RECOMMENDATION

Lg. I recommend that the Worcester Diversion flood control project
be constructed in general accordance with the descriptions set forth in
this Definite Project Revort.

D. L. WEART
Brigadier General, U. S, A,
Division Bngineer

- 18 -
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WORCESTER DIVERSION

APFENDTX I. HYDROLOGY

1-01, Climate. -~ a. Temperatures. - The mean annual -temperature ..
for. 53 years of record at Worcester, iassachusetts, is [7.8 degreses F. i
Summer temperatures rarely rise to 100 degrees F. Frsezing bewmperatures
are to:be expected between the latter part of November and the ‘latter part
of Mareh, and temperatures may fall to O .degrees F. or lower seversl times
durlng a winter. The average monthly bemperatures and the meximum and mi-
nimum recorded each month for 5% years of record at Worcester, endrng W1th
19h5, are as follows: :

TABIE 1. TEMPERATURES AT WORCESTER, MASS.

Monthly average, maximum and minimum for 53 years of record

o Average*Maxlnum Mlnlmum.. :Average Meximums Mlnlmum
Month — op ™, °F_: °F ..M° R
Jane ¢ 25,1 ¢ 67 1 Al7 22 July: 0.7+ 102 L)
Feb. : 25,1 3 65 ; 2 :: Avge: 68B.7: 99 : 38
Mer., ¢ 347 ¢+ 84 ¢ =56 :: Sep.: 61.9: S : 28
Apr. 1 LS. : 89 "G 1: Oct.: 51,2 : 8o ¢ 15
Moy : 57+2 ¢ 92 ¢ 27 :: Nove:r 39,7 : 75 3
June : 65.9 : 96 : 33 :: Decs: 2?.9 s 67 3 =17

b. Precipitation. - (1) Average Reinfall, - The mean annual
reclpltatlon at the U, 3. Weather Bureau station in Worcester, lMassa-
chusetts, is 42,76 inches for Bl years of record extending, with a few
interruptions, from January 1853 to December 19,5, inclusive. The maxi-
mum annual amount for this same sbation and period was 61,7) inches in
1888 and the minimum 30.96 inches in 191L. Table 2, which follows, sum-
marizes the precipitation record at Worcester by calendar months.

TABLE 2. MONTHLY PRECIPITATION AT WORCESTER, MASS.

: Depth in Inches HH
Month: Mean- -Maxlmnm Mlnlmum-. Month

Depth in Inches
"Mean  :Maxivaum:Minimum

.
H HE H

s v {ne W

Jan. : 3,51 ¢ G,03 : 1.02 :: July 60 5 1141 ¢ 0,62
Febe 73416 ¢ 8409 : 0,67 32 Aug. : 3.90 723,14 "0.35
Mare ¢ 3,82 : 11,13 : 0,0k ::.8ep. : 3,54 ¢ 10.82 : 0.20
Apr. 2 3,51 ¢ B8.87 : 0.51 :: Octs 3 3.57 ¢ 9,81 : 0436
May : 3.61 ¢ 8,8 : 0.88 z: Nov. : 3.66 : G.82 : 0,56
June : 3,38 1 8,31 : 0,66 ::"Dec. : 3.6 : 7.77 ¢ 0.84




All rainfall stations in the vicinity of Worcester are listed
on Plate No. I-1 with their respective péricds of” record and are located
on a map of the area on Plate Fo, I-2.

(2) Storms. = Three‘typés of storms ore characteristic
of the region in which the Worcester Diversion project is located, viz;
(1) continental storms, (2) hurricanes and (3) thunderstorms. Continental
storms may be of the stationary frontal type or rapidly moving intense oy-
clones; they are rot limited te any season or month but follow one another
at more or less regular intervals -and with verying intensities throughout
the year. The usuael path of hurricenes lies: to the soubth and east of New
Englond but .they may be deflected over this srea by continental cyclonic
disturbances, They are most likely to oecur during the summer end auvbumm
months. Thunderstorms may be of local origin, or they may. Ye of the
frontal type associated with continental storms during the summer months.

A definite combinstion of meteorological conditions is
recognized as being responsible for most.of the great flood-producing
storms of the northeastern United States. They are (1) g persistent high-
pressure area over ‘the.western North Atlantic Ocean, (2) another high-
pressure area over the central and ‘northern interior of thé continent and
(5) a lcw-pressure trough between these “hlghs“ 1nclud1ng one or more mov-
ing centers over the northeastern states. .

The storm of September 1938, which is the most severe of
record for New England and for: the area under study herein, was. of this
type. During this storm ebout 8.2 inches of rain fell on the drainage
area of the Blackstone River above Worcester, Mass., from 1 P.M. on 18
September to 6 P.l. on 21 September. - This storm had two centers of mexi-
mum precipitation, one of over 17 inches depth centering over East Glaston-
bury, Conn., and the other of over 16 inches depth centering over Barre,
Mgss, This latter center was only 19 miles from Worcester and it was the
most severe storm ever recorded in ‘this vieinity. :The locations of the
cernters of this and other outstending storms of reecord in the northeastern
United States are shown on Plate o, Im}, together with thclr area-denth
characteristics. .

(3 Snowfall and Snow Cover. - The average monthly and.
annual snowfall at Worcestor for 53. years of record is shown in the fol-
lowing table:

TABIE 3, AVERAGE MONTHLY AND ANNUAL SNOWPALILAT
B ~TORCESTER, VSSACHUSEILS. .

v ) " e . %

* Month =Dépth, inchbs:f Month _,Depth inches

'm'B:

.

M
‘o e
i

. January @ Jduly |

_February : 16,1 : Avgust, ¢ -,
March 9.1 ¢ September : -
‘April st 3l 1 Ostober gt CO.L
May : - + Novembsr @ Be%
June : - : December ¢ 9,9

Average annual snowfall 56.1 inches

-2 -



Snow cover, .on the average, is at a meximum about 15 February.
Heavy spring runoff resulting from the melting of snow cover occurs almost
every year, but there is no record .thet this factor alone ever caused a
damaging flood. To contribute to a major flood the runoff from melting
. snow must be augmented by heavy rainfall. All available records indicate
that for a drainage area of the size inveolved.in this project the maximum
rate of runoff from s combinaticn of melting spow and rain will be less
than con result from the more intense rates of rainfaell possible during
the summer and autumn months,

1-02. Runeff. - a. Records. - A wabter-gtage recorder has been:lo-
cated on the Blackstone Rivér (also known as Kettle Brook at this point)
at Webster Street Bridge, Worcester, since August 1923, The drainage
area above this gage is 51.3 sguare miles and the gage 1s just below the
Leesville Pond Dam. Hence 21 years of runoff records are available for
the area tributery to the proposed diversion tunnel,. The mean, maximum
and minimum amual and monthly runcff as measured at this station through
September 19l are shown in the following table:

TABLE I, SUMMARY OF RUNOFF - BLACKSTONE RIVER AT WORCESTER; MASS.

(Drainage area of U.S.G.S. gaging station = 1.3 square miles)

. Runoff in. inches : liean runoff as

“s

Period : Mean Maximum:Minimum: percent of rainfall
January : 2,06+ L.53 2 046 s 5745
* February : 1,82 ¢ 3,06 : 0.8 ¢ | 62.8
Mereh : 3,75 2 I1.53 ¢ 1.71 : Aye2
April : 3.50 ¢ 7.2 ¢ 1.21 7.0
May : 2,05 ¢ 5,21 : 0.89 : bl1e3
June : L.L3 ¢ 3,85 0,62 ¢ 36,9
July : 1012 1 6,01 z 0,53 40.9
Lugust : 0,85 ¢ 2,12 @ 0,35 & 2h.1
September : 1,15 ¢ '5,28 ¢ 0.32 : 28,3
Qctober : 1,02 1 2,52 : 0,27 s 29.8
November' $ 1eli5 = T L.53 2 QWb : 37.9
December t 1a83 ¢ L2 ¢ 0.35 @ 5% o2
Year - . 122407 56 05': e 70 i ; 5l.2

e
3
T
e

be Floods;-a-(k} ﬁxstorlcal Floodss — Informetion is meager
regarding floods at Worcester prior to installation of the stream gaging
station described in the foregoing pararraph.- Floods a»e knovm to have
oceurred in the lower Blackstone River in March 1818, March 1876, March
1877, February 1886, end September, 1887, but there is no record of severe
flooding having ocourred at dorce«ter during thess floods

(2) Floods of Record, - Since the U.8.G.S. gaglrg ‘sha-
tlon was established aT the Webster Street Bridge, in August 1923, only
two damaglng floods have ceccurred.  The floed of March 1936 had two: peaks




.6 days-epart. The Tirst occurred on 12 Merch and amounted to 13L0 c.f.s.,

“and the second vccurred on 18 March and amounted to 2520 cofess, which is
the largest recorded rate of discharge. The flood of 21 September 1938
had & peak.discharge of 1300 o¢.f.s. Lower peak rates of discharge have
been recorded at this gaging station as follows: 10 .January 1935, 1020
Cifese; 10 June 1931, 935 cefsse; 2l July 1938, 875 c.fese; L November
1927, 790 ¢efesa; and 7 April 192k, 7140 Cefese

The volume of runoff durlrg the second rise of March 1936
amounted to 5481 inches and resulted from 6.1 inches of rainfall on the
drainage area plus considerable snow melt.  The flood of September. 1938
had & volume of .26 1nches and resulted from 8.9 inches of rainfall on
the dralnage area. ' :

(3) Frequency and Magnitude of Floods. - To give some
1ndlcat10n of the frequency, size, and soasonal occurrence of floods at
Worcester, the stream flow record is analyzed in the following teble.

TABIE 5. FLOOD OCCURRENCES - BLACKSTONE RIVER AT WORCESTER, MASS.

'(Dréiﬁéée aree 31.% squere miles.‘Recofd.Aug. 1923 —-Sept; 19hly)

T Peak rates of discherge, c.f.s. ¢ Peak rate of
Month : 700 to : 1000 to : 1500 to :  over : discharge,
cooeeg 1000 : 1500 2 2000 s 2500 .: Cefe8a
: Number of times equaled or exceeded  :

Janvary : 2 : 1 : 0 (R 1020
February : O H 0 : 0 : ‘¢z under 700
‘March : 2 3 2 : 1 "1 : 2520
April : 1 : 0 s 0 - o ' 7h0
May s 0 : 0 : 0" 0 : under 700
June s 1 3 0 ] o' ¢ 935
July : 1 : 0 s 0" & c - 875
Aygust O : o " 0" 0 + under 700
Sept. : 1 s 1 : 0" 5 ‘0 : 1300 -
October : = O z 0 *y 0" ¢ "0 : under 700
Wovember.: 2 H O s, 07 e 0. 750 '
December ¢ .0 s 0 ‘e K ¢ PR 0 ¢ under 700
Totals : 10 i L 2 1 : 1 : 26200

Freguency curves for the peak rates of dischdrgé'and the maxi-
mum deily rates appear on Plate No. eh -

() Watershed Characteristicg., ~ The total dralnage aresa
of the Blackstone River tributery to Leesville Pond is 31.3 square miles.
Elevations vary from L35 feet above mean sea level at the pond to over 1300
feet at a few points on the rim of the basin. Above the pond the river
breaks into two principal tributaries, Keéttle Brook and Remshorn Brook.




The first has its source in Xettle Brock Reservoir No. L of the Worcester
Water Supply System, in the Town of Paxton, Mass., and flows in a general
southeasterly direction about 8 miles to Leesville Pond. At .its lower end
where it flows through Stoneville Fond it is jJoined by Dark Brook coming
in from the southwest. FRamshorn Brook flows from the south into the upper
.end of Leesville Pond.

- The outstending feature of the dralnage ares from a hydro-
10g:ca1 viewpoint is the large number of neturel and artificial ponds and
-reservoirs end the large areas of flat swamp land., Thirteen reservoirs,
five of which are cperated for water supply purposes by the City of
Worcester and eight of which are operated by private interests for in-
dustrial .conservation storage, have a total capacity of 5.l inches of
runoff from the 31.3 square miles of drainage aree tributary to the inlet
of the proposed Worcester Diversion. The area and capacity of these
reservoirs ;is shown in the following table:

. TABIE 6. RESERVOIRS IN BLACKSTONE BASIN ABOVE

Ue8.G,5, GAGING STATION

: :Capacity,

Name of f)ond H Use : Ares, :million

: : Acres tcu. .

Kettle Brook Reservoir o, L : WeS., : 119 : 513
" " " Yo, 3 : WaS., ¢ 37 @ 152

! " " Fo. 2 W.S. : 30 @ 127
" S e No. 1 .S, ¢+ 15 @ 19
Lynde Brook Reservoir - "z Comse : 132 : T15
Stoneville Reservoir o : Cons. ¢ 88 : 185
Stoneville Pond S i Coms. : 45 & 100
lMess  Reservoir (Lagle Pond) 0 i Coms. : 53 0 100
Dunns {(Auburn) Pond - * "z Cons. : 26 Lo
Ramshorn Pond i :'_,' : Cons. -t 147 ¢ 720

Cons. ¢ 38 o2
Cons. : . Ih - 125
Cons, : 107 - 125

Ramshorn Weadow Pond
Stone Crossing (Poendville) Pond
- Leesville (Trowbridgeville) Pond

an

-

PO T

: 0882 : 2943

LTI U Y I 19

Tbtal-

Suroharge storage in the ponds described above and’ storage in swamps act
to produce floods having relatively low peaks and long "lag" times. This
is confirmed by the unit hydrograph derived from the flood of September
1958 descrlbed later in this Appendlx. :

1—03 D681gn Flood for Vorcgester Diversion. - a, General. - The
criterlon adopted for the development of & aesign flood t0 11X the
capacity of the Worcester Diversion tunnel was that it be a greater flood
than any of record but of probable though very rare occurrence, The
maximum flood of record for the 31.3 square mile drainage area tributary




to the entrence of the proposed diversion twnnel is that of Herch 18, 19%6,
when the peak rate of discharge was 2520 c.f.s. According vo the frequency
megnitude curve shown on Plate Ko. I-l, this rate of discharge hes an aver-
age recurrence interval of about %0 years. The second largest rate of dis-
charge at the seme point occurred cn 12 March 1936, when a peak of 1340
cefes. wos recorded., The third largest pesl was 1300 c¢.f.s., which occurred
on 21 September 1938, The first two pesks resulted from a combination of
melting snow and rainfall ond the third from rainfall alone., Because rain-
fall alone, during the summer and auvtumn menths, is believed to produce a
greater flood-on an area of this size than melting snow and rain combined,
the maximum rain storm of record in the vicinity, viz., that of 17-21
September 1938, was selected as a basis for the design flood. One of the
two centers of maximum precipitation for this storm was in the viecinity of .
Barre, Mass., only 20 miles northwest of the center of the drainage area
under study. The total depth of rain that fell on the 31.3 square miles

of drainage area ahbove Worcester from 17-21 September 1935 was computed

at 8.92 inches, whereas the depth that fell on a similer area around

Barre was computed at 15.55 inches. Since the average elevation of the
Barre area is only about 200 feet higher then the average for the drain-
age area under study, it was considered ressonable to assume thet with
slightly different meteorological conditions the precipitation which
occurred around Barre could have occurred over the dreinage area above
Worcester. Accordingly the actual record of precipitetion, as it occurred
on 31.3 sauare miles around Barre from 17 to 21 September 1938, was trans-
posed to the 31.3 square~-mile drainage area of the Blackstone River above
the Leesville Dam and used as the design storm for computation of the de-
sign floocd.

To compute the design flood from the transposed storm des~ -
cribed above, a 3-hour unit hydrograph was derived fram the actual storm
and flood of record and applied to the reinfall excess of the transposed
storm. Infiltration for the transposed storm was sllowed at the sarwe
rates as actually computed in derivation of the wnit hydrograph, end
base flow was allowed on the same basis. The resulting design flood has
e peak of 5600 c.f.s. at the £9th hour after the beginning of rainfall
excess. Details of its computation follow.

b. Design Storm. - The first step in computation of the de-
sign storm was the development of en area~depth curve for the Barre, ¥ass.,
precipitation center. This was dene by plenimetering the isohyetals on a
photostatically enlarged copy of Plate 1, U.S.G.S. Wabter Supply Paper No.
867. The resulting areas plotted against corresponding depths, together
with the maximum recorded depth at the Barre rainfall station, gave the
area-depth curve shown on Plate No. I-5., By plenimetering the area under
this cuarve the mean depth of rainfall on 31.3 square miles was determined
to he 15,55 inches. By means of a mass rainfall curve, besed upon the
records of the Barre-non-recording station and the Amherst, lass. and
Toreester, Mass. (Weather Bureau)} recording stations a storm pattern for
the 15.55 inches of rainfall was developed as shown in columns (2) and
(3) of Table 7, which follows. Infiltration was assumed at approximately
the same rates that wére determined to have occurred during this storm




on ‘the Blackstone drainage ares, viz., 0,16 inch per howr for the first Lo
‘hours then decreasing vniformly to a minimum value of 0.05 inch per hour
atrthe end of the storm. This inliltration pattern grouped in 3-hour

. pariods is shovm in column (L). The resulting rainfall-excess pattern
used to compute the design flood is shorm in colum (5).

TABIE 7. DESIGﬁ STORM - WORCESTER DIVERSION

sAccumulated:

Time : depth of : :

in : rglnfall, ' Rainfall *
Hours: inches T

Inches depth each 3 hours

Infiltration | Rainfall excess

va { we

3 L0l : Ol

3 T WOh H e
6 2 .08 : Ol W0l : -
9 . W17 : L0090 LG ¢ -
12 : .30 H 013 H - .15 H -
15 : - .70 : 400 .35 : 05
8 1,00 : 30 30 : -
21 s 1,08 : «08 .08 : -.
_ZLJ. : lclo H .02 H .02 : -
27 : 1.0 : 30 2 23 - 2 .07
30 1.78 : W38 IS5 g (2
33 1 2.10 : 2k 32 : -
36 2219 09 - .09 : -
39 3 28 Rsls B 21 : .08
Ll.2 : 2.61 : .15 : 113 H -
L5 s 2.67 s L6 06 : -
L8 5,02 : 2455 s LB : 1.87
51 : 5,98 : 06 1 Jib : 50
s, ¢+ 6,18 . : 20 20 - .-
57 : 6.30 : A2 W12 : -
60 : 7.36 - 1,06 : 26 : .80
{)‘3 H 9;70 : 2.3'1!..]. H 053 H 2,01
66+ 12,90 : 3420 29 : 2.91
69 : 13,96 : 1.06 = . 26 s .80
72 1L.33 : B A e13 : .- 1}
76 ¢ 1hWd s 08 s W07 : Rexl
78 1547 : 1.06 W16 : <90
8l : 15.5% 06 5 05 .01
8y : 15.55 = 02 02 : -
Totals! - P 1555 5.28 10,27

¢. Unit Hydrograph. ~ A &-hour unit hydrograph, for the 21.3
square mile drainage area under study, was derived from the storm and
flood records of September 1938, Details of this derivation are shown
on Plates No. I-6, No. I~7, and No. I-8. The resulting 3-hour unit hydro-
graph, determined from the S-curve of the &~hour unit hydrograph, has a
peak rate of discharge at the 18th hour of 990 c.f.s. or 31.6 cefes. per
square mile, and is shown on Plate No. I-9, The Snyder LLca)O"3 value for




the drainrage area is 3,65, which in conjunction with the 16.5-hour "lag"
gives & Snyder Gy of L.5. This is high, but a high value is to be expected
in view of the large amount of storage in the drainage area.’ The corres-
ponding Snyder €, x 640 value is 521, which is only a little above Snyder's
average values. The discharge rates for the derived 3-hour wnit hydro-
graph are shovm in Table 8 for each 3-hour 1nterval from the beginning of

- rainfall excess,. :

TABIE 8. RATES OF DISCHARGE FOR E—ﬁOUR UNIT. FYDROGRnPH
B DERiVLD FROL SLPTLMBLR 1938 FLOOD: -

Blackstone River at Worcester, Mass. - 31.3 sqﬁdre miles

Time .Dlscharge:: Time "Dlscharge ; Time :Discharge
in : in s in s in 3t in : in
Hours : cafese 2§ hours @ cefose 2: hours : cefeSe

»

e
Y
-

0 0 :: 51 3 18 s 102 : 51
3 ;1 :: S - 170 : 105 ¢ L7
6 i 2 i+ 57 +: 155 sn 108+ L3
9 : 5 tv 60 3 143 s 111 4o
12 ;12 :r 6% 0 128 e 11y 2 36
15 : 260 :e 66 ¢ 116 ;s 117 s 33
18 : 990 ¢ 69 ¢ 105 - 120 : 30
21 : 682 72 : 98 i 123 ;27
2l : 1190 tr 75 90 i 126 ;25
27 : 32 :: 18 8 :: 129 ¢ 22
30 : 336 10 81 : 79 st 132 19

-

%3 : 300 i 8l 75 s 135

36 : 275 12 B7 71 sz 138 : 13
39 : 2RG t: GO 66 1 i1 10
L2 ;7 238 :: 93 62 i 1y i
L5 : 219 t: 96 59  :: 14T ot 0

LY S

R : 20% L 93 s 55 s

2. D631gn ‘Flood Hydrograph. - The hydrograph of the design
flood, as it will fiow into Leesville Pond, was computed by -applying the
3-hour unit hydrograph shown in Table & to the 3~hour ralnfall-excess
depths shown in column (5) of Table 7 and adding the base flow of the
stream as it occurred during the September 1938 flood. Leesville Pond
is assumed to be filled to the spillwoy crest end no discharge over the
Leesville Spillway is plamned. Hence no reservoir or surcharge storage
will be available in Leesville Pond, and the Worcester Diversion tunnel
and chennel must be adequate Lo pass the maximum rate of inflow without
having the pool elevation in Leesville Pond rise above the splllway crest.
Computed rates of discharge for the design flood ere shown in Table 9
and the hydrograph of this flood is shcwn on Plate No. I—lO.




TABLE 9., DESIGN FLOOD, WORCESTER DIVEBRSION - COMPUTED

RATES OF DISCEARGE

Time : Discharge :: Time : Discharge :: Time : Discharge
in & - in 1v in in ;2 In in
hours : cef.S. :: hours Cefs5s 13 hours : CofeSs

-
-
.

: 33 s 81 2730 o 162 ¢ L85
: 3L e 8L . 3280 :: 165 : LS50
: 35 :: 87 2800 :: 168 120
: 37 s 90 25%5C 171 o 385

12 39 x93 2320 :: 17h 360
.15 53 1: G6 210 e 177 0 325

18 : g1 t: G9 1980 :: 180 295
2r 77 e 102 820 iz 183 : 270
2 70 i 105 1680 .. 18 : 2,5
27 8l :: 108 . 1550 ¢ 189 220
30 : 140 ix 111 1b30 i 192 190
33 130 :r 11 1310 :x 165 160
26 : 115 $2 117 1210 1y 198 : 140
39 ¢ 130 ;2 120 ¢ 1130 :: 201 : 135
K2 185 :r 123 1050 2 204 : 130
L5 : 175 :r 126 980 :: 207 : 125
L8 ¢ 625 e, 120 925 ¢ 210 120
51 . - 2110 sy 132 s 875 12 :
5, : 1600 3 135 g 825 13 :
57 ¢+ 1400 s 138 785 13 :
60 : 1340 s: 141 s s : .
63 : 2290 - SR P TR 705 . s B
66 i L2140 sr 17+ E65 : :
69 £ 5630  :: 150 : 630 :
Ce- o LB7D :x 153 530 te :
- 7% s 3960 i3 156 550 s :
- 78 tr 159 520 : :

2hgo

.
H

e, Tailwater Conditions in Blackstone River. -~ The Worcester

Diversion will consist of & tunnel from Leesville Pond to the head.of
Hull: Brook and an open channel from the tunnel exit to the Blackstons .
River. - ‘The proposed location for the lower end. of thls channel is at’
river mile 16,38 on the Blackstone River, approximately 1200 feet up- - -
stream from the Greenwood Street Bridge. A4 rating curve for the Black-
stone River at mile 464,38 has been computed from flood stages -of record
and-estimated corresponding rates of discharge. It is shown.. on Plate -
No. I-11. ‘ : . P

: The total drainage area tributary to mile L6.38 iz 65.8"
square miles, and the net drainage area below the Worcester Diversion
is 38,5 sguare miles. When the Viorcester Diversion is operating at



meximum capacity, the stage of the Blackstone River. at mile!}6,28 will be
governed by the combined discharge of the Worcester Diversion and the net
drainage area of 38,5 square m.les.‘ Accordingly, the maximum discharge
from the net drainage area under design storm conditions mnd the resulting
: maxlmumAyallwater elevatlon'were estimated as follows: :

- From‘the area—aepth curve of the transposed d331gn storm shown
on Plate 1-5, the average rainfell on the 38.5 square miles constituting
the net drainage ares was computed at 1.7l inches. Using the characteris-
ties of the 3-hour unit hydrograph derived for the 31.3 square mile area, a
similar 3-hour wnit hydrograph was derived for the 38,5 square mile net
area, naving a peesk of 950 c.f.s. at the 21lst hour, A storm pattern for
the 1471 inches of rainfall was developed in a manner similar to that
used for the design flood, and the 3-hour unit hydrograph was then ap-
plied to the rainfall excess, which amounted to 9.60 inches., A base flow
proportionate to that used for the inlet design flood was addeds The re-
sulting hydrograph of runoff from the net drainage area of 38,5 square
miles had a peak rate of discharge of 5800 c.f.s. occurring-at the seme
time as the meximum discharge of the diversion works. Hencé the maximum
discharge in the Blackstone River just below the terminus of the diver-
sion chennel is estimated to Be 11,400 c.fes, when the diversion channel
is discherging 5600 c.f.s. From the rating curve referred to ebove, the
river stage for this -rate of discharge would be elevatlon L3175 m,s.l°
at tiver mile L6.38.

1-04. Computed Spillway Flood for Leesv1lle Dam, = ai General
A computed splllway Tlood was developed for the Leesville Dam for the
purpose of examining the safety of the dem under the condition of maxi-
mum possible discherge. The maximum possible precipitation en 31.3
square miles in the adjoining Thames River Basin was adopted for compu~-
tion of the forecast worst stori. The unit hydrograph developed frem the
September 1938 flood was not considered adequate to represent runoff con-
ditions during e flood of spillwey design magnitude, “Accordingly, a
synthetic unit hydrograph was developed having a shorter lag time and
higher peek rate of discharge. Infiltration was allowed at the 0.05
inch per hour rate customarily used for computation of spillway design
floods in this regiom.

b. Forecast Worst 8torm. - The maximum possible rainfall
for a dralnage area of 3L.3 square miles in the adjoining Thames River
Basin, as computed by the Hydrometeorologloal Section, is 23,09 inches
in 2y hours. Its distribubion with respect to timé is shown in column
(2) of Table 10, as token from the depth-area durstion curves for the*
Thames River Ba31n prepared by the Hydrometeorological Sections * Column
(4L) of the same table shows the depth of rainfall for each period listed
in column (%). The computed infiltration for each peried, at 0.05% 1nch
per hour, is given in colum (5) and the resulting rainfall excess is '’
shown in colum (6). In colums (7) and (B) the same rainfall excess is
arrenged according to the most severe storm pattern,which was used to
obtain the computed spillway flood.

- 10 -



TABIE 10. MAXIMUM POSSIBLE.PRECIPITATION'ANﬁ FORECAST. WORST. STORM
' IV '
Blackstone River at Worcester, liass. - 31.3 square miles

Duration:Depth of: sDepth of sintiltra~:Rainfall:  Storm pattern
of . :rainfall: Perlods.rainfall tion each: excess :Lengbh: Rainfall
rainfalls.. . dn  : in 3 each ¢ peried : each : of  :excess each

in hours: inches : hours : pericd : inches': perlod tperiod: period,

: s : inches : ‘ s+ inches :hours : inches
() = )y = )y s+ )y = By ¢ 6) (1) : (8)
1 : Leb6 : 1z Leb6 . 05 L6l s : _
3 : 1163 1 2 3 6,97 : W10 : 6,87 3 1 0,09
6 £ 19,32 ¢ 3 1 789 ¢ W15 s TS 2 3 177 0455
9 121,57 : 3 1 2,85 : L15 3 2,10 : 3 1 T.5L
12 : 22,27 ¢+ % 1 0,70 : A5 : 0,55 ¢ 1 @ L6l
15 1 22,62 ¢ 3 3 0435 2 15 : 0.20 ;3 2 6487
18 122,86 : 3z 024 : W15z 0,09 : 3 o 2410
21 1 23,00 ¢ 3 : 0.1l s A 2 - : 3 1 0,20
2h : 22,00 3 C.08 ¢ L9 s - 2 :
Totals 3 T s 23,00 : 1,13 3 21,96 : : 21,96

Se Unit Hydrograph. - 4 3-hour unit bydrograph having a peak
rate of discharge of 1230 Gelese and a leg of 13 hours was developed syn-
thetically for use in obbtaining the computed spillway flood by means of
the forecast worst storm. This peak rate of discharge is 25% greater and
the lag approximately 20% less than for the 3-hour unit hydrograph derived

from the flood of*September 1938, The more severe runoff conditions repre-

sented in the synthetic unit hydrograph reflect the fmet that surcharge
storage in the reservoirs, -ponds and swamps will have relatively less
modifying effect during an extremely large flood then during & oonsider-
ably smaller {lood such as that of September '1938. For the smaller flood
the spillways provided will hold water..in surcharge storage without over-
topping the damg, but for a flood asg large as the computed spillway

flocd the dams would te overtopped, and s shortenlnv of the leg time and
inerease in rates of dlocharge would result.

The peak rate of d1schar e- for the derived unit hydrograph
(990 c.f.s.) was increased 28% to obtaln the peak of the syﬂthetlc unit
hydrograph. . The ldg for the synthetic unit hydrograoh was fixed at 13
hours so as to keep the C_ x 640 value at 521, which is the same as for
the derived unit hydrogragh. Tre resulting 3-hour unit hydrograph is
shown on Plate No, I-9, and the discharge rates are given in the follow-
ing table.

- 11 -
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TABLE 1l. RATES OF DISCHARGE FOR SYNTHETIC 3-HOUR UNIT HYDROGRAPH
- " USED TO OBTAIN Cﬁl"’@ﬁTﬁD SPIEWAY FLO0D

Blackstone Rlver at Norcester, Nass. - 31 . square nlles

Y'Dis charge,- _Y: : Ti;ne,

':'l‘irrie,'

‘ : Discharge, -:; Time, : Discherge
“h o hours i cefese 23 hours :  cefeS.  :: hours i c.f.s,
C0 0 wnoah s Bk a2 o: 69
1 L s 2b : 370 S B I 6l
2 12 22 26 3hG" Ty 78 s 58
3 s 25 &y 27 ¢ 331 iz 81 5%
Lo L1 re 28 .. F . 2 8L Lo
5 3 62 :x 29+ 299, 1 87 Ll
6 89 st 30 o+ B85, :: 90 Lo
7 : 0 -12L 3 31 : 272 s 95 A5
8 : 170 t: 32 & 260 . I S 31
9 : 229 3 33 g 2h8 . 2 99 28
10  : 30% 12 3 s, 237 13 102 : 2l
11+ 393 tx 35 b 226 . i1 105 21
12 : 578 :: % s, 216, i 108 : 0 18
17 : o 1: 309 g 192 :r 111+ - 15
i, o 118 0 o L2 17%- :: 114 12
15 @ 1221 e 45 155 117 = 11
6 :« 988 .. 8 e 1: 120 : 9
17 : 795 s 51 130 zs, 123 7
18 1 665 3t Bl s 119 3 126 2 6
19 : 581 s+ 57 ¢ 107 1. 129 L
20 526 :r 60 o8 12 132 3
21 : 485 :: 6% 2 90 s 135 1
22 :+ Lbl :: 66 . 83 :: 138 . : .0
2% 1 hEl sz : 32 :

69 - %

: 4. Computed Splllvay Flood ﬂydrograph. - The inflow hydrOw
graph of the computed spillway Tlopd was obtained by applying the 3-hour
unit hydrograph shown in Table 11 to the rainfall excess for the fore-
cast worst storm, shown in column -(8) of Table 10, and. adding a base
flow of 60.cefese - The resulting hydrograph has & peak of 20,900 c.f.s.
at the 23d houn. It is showm graphicelly on. Flate lo, I-12, and the .

" discharge rates are given in. Table 12 which follows: Croe

=12 -



STATION

Barre

Boytston
Charlton Depot
Clinton

Cold Brook
Holden No. 2
Hubbardston
Jefferson
Kendall Reservoir
Kettle Brook No. 3
Lynde Brook
Millbury
Northbridge
North Rutland
Princeton
Rutlond
Southbridge
Sterting
Uxbridge
Webster

West Rutland
Williamsville

Worcestet
Worcester No, 2

OPERATED BY . RECORD BEGINS
Mass. Dept of Public Heaith 1919
Met. Dist Water Supply Comm, 1896
Mass. Dept of Public Health 920
Met. Dist. Woter Supply Gomm. 1902
Met. Dist. Water Supply Comm., 1919
City of Worcester - i885
Moss. Dept. of Public Health 1919
Met. Dist. Water Supply Comm. 1897
Clty of Worcester 1913
City of Worcester - 1905
City of Worcester . 1875
New England Power Co. 1930
Mass. Dept. of Public Health 872
Mass. Dept. of Public Health 1924
Met. Dist. Water Supply Comm. 1884
Mass. Sanatorium 1902
Southbridge Water Supply Co. 1a12
Met. Dist. Water Supply Comm. 1897
Mass. Dept. of Public Health 193
Mass, Dept. of Public Health 1880
Met, Dist. Water Supply Comm. 1928
Mass. Dept of Public Health : 1924
Winter Hill Meteorological Observatory 184 i
City ot Worcester 1895

BLLACKSTONE RIVER FLOOD GONTROL

RAINFALL STATIONS

IN  VICINITY OF

WORCESTER, MASSACHUSETTS

U. S. ENGINEER OFFICE PROVIDENGE, R. 1.
MARGCH 1946

WORCESTER DIV. DPR APPENDIX | PLATE NO. |
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INCHES
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MEAN DEPTH OF RAINFALL

PNO N~ E

@

10.
L1,

[2.
3.

14.
15.

19

KEY

DATE
Sept. 1940
Lug. 1939

17-21 Sept. 1938
9-13 Mor. 1936
16-19 Mor. 1936
6-9 Jul. 1935
2-6 Sept 1935
22-24 Aug. 1933
16-17 Sept. 1932
3-4 Nov. 1927
1317 Aug. 1919
8-9 Oct 1903
26-27 dut. 1897
3-4 Oct 1869
19-23 Jul. 1919

LOGCATION

Ewan,
Tugkerton,
Barre,

N. &
N. J,

Mass.,

Pinkham Notch, N.H.
Pinkham Notch, N.H,

Cortland, N Y.
Easton, ‘Md.
York, Pa.
Westerly, gL
Gentral Vermont
New Jersey
Poterson, N. 2
Jewel, Md.
Canton, Gonn.
New Jersey
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WAR DEPARTMENT : CORPS OF ENGINEERS, U. S. ARMY

Computed by RE SHEET NOQ. 2
Date 581946 UNIT HYDROGRAPH DETERMINATION
STREAM_BLACKSTONE RIVER  1O0CATION. W ORCESTER, MaAass,
DRAINAGE AREA__ 313 _sa M.
STORM OF_18+21 SeEpt. 1934 PREPARED BYPROVIDENCE DIST._P.E, DIiV.
AV. RAINFALL , 819 INCHES; RAINFALL-EXCESS,3.2b INCHES; Fgy,YARIABLE IN./HR.
*{L__M__ml.; Leg—2 B 6 mi.; (LLN)O'5 3.65 s R b hrs.;
LAG(tp )_1T.9  hrs; G 479 ;6. 272 ctfs/sqmi; Cp640 476
LAGUemr)!— hrs;  Wgg 1O0.® hrs; Wog_S.4. hes.; SLOPE )
- DERIVED ADJUSTED
OBSERVED | ESTIMATED STORM & -HOUR ¢ -HOUR REPS.%D#SED
TIME | DISCHARGE |BASE FLOW RUNOFF UNIT UNIT HYDROGRAPH
C.F.S. C.FS. C.F.S. HYDROGRAPH|HYDROGRAPH C.FS
C.F.S. C.FS. S
18~ &P 32 ‘32 0 Q Q 32
Q
19 ~2A ‘50 a4 ik 2 t 34
] 3
8 120 . 37 83 8 9 39
136
19~2P (19 49 139 625 L2.5 144
834
8 241 43 i98 566 5806 426
44\
2.0- 27 287 | 4l 241 304 364 3717
) : ‘ 318
a ‘290 49 241 284 288 474
2446
20-2P 336 52 284 248 241 442
229
8 4L2 56 40k 213 211 351
194
21-2A 564 59 505 W77 178 713
162
8 705 L3 [ VAR 148 L58
: L34
21-2.p 953 67 884 122 122 I
- 118
£>) TN 71 1078 V0% {02 1§ 2.6
' 94
22-24A 1072 15 997 a7 87 1049
_ . 82
8 980 B0 900 17 77 98¢
13
22—-2P a4\ B4 757 .9 L9 848
‘ [ .
® 7119 88 L3 L} Gl L9%4
57
23-2A L34 92 522 53 53 597
- ' 49
) 530 95 435 45 45 523
. 42, .
Z23-2P 467 38 3469 38 38 461
: . ’ 34
B A4 10 I F) 31 34 407

* FOR USAGE SEE "SYNTHETIC UNIT GRAPHS"- TRANS. A. G. U., PART I, 1938.

WORCESTER DIV. DPR APPENDIX | PLATE NO.7



WAR DEPARTMENT ' CORPS QOF ENGINEERS, . S. ARMY
Computad by RE___ SHEET NO. 3
Date_Few. 1946  UNIT HYDROGRAPH DETERMINATION

STREAM_BLACKSTONE RA\WER _ 10CATION. MWoRcESTER, MAss.

: DRAINAGE AREA__31.3  sQ. ML 7
STORM OF_\8-2) SEPT, 1938 ___ PREPARED BY.PROVIDEMCE pisT.__ NNE.  Div.
AV. RAINFALL, B.19 INCHES; RAINFALL-EXCESS,3.26 INGHES; Fqy VARIABLE IN./HR.
. {L_I_lﬁ:.._._mi.; Leg— Sl mi; (Llgg” 3.5, th__ & hrs;
LAG(ty ) 7.5 hrs; Cp_439 ;4q, 27.2 _c.tfs/sqmi; Cp640.476

LAG(temr)— —_hrs;  Wgo 10.8  hrs,; Wpg_S.1.__hrs.; SLOPE
OBSERVED | ESTIMATED | STORM | conour | “erioun” REPRODUGED
TIME | DISCHARGE |BASE FLOW | RUNOFF UNIT UNIT HYDROGRAPH
C.F.S. C.F.S. C.F.S.  |HYDROGRAPH|HYDROGRAPH 'y
' C.F.S. C.F.S.

24— 2A 3171 1 04 207 26 20 3L2
8 330 L7 223 21 i? 326
24~ 2¢ 300 110 190 i5 _ ‘,:- 301
8 271 113 1 58 8 "} 276
25~ 2A 253 115 128 o é 252
8 235 11 7 18 233
25-2P 2.45 Li8 97 215
8 | 200 119 8l 198
2-2A 1849 {20 4 (85
8 L7 120 47 L 10
2L-2F 54 L2 33 156
8 149 2 28 147
27-2A 144 122 22 138
8 134 |2.i (2 128
21-2.pP 127 122 5 ' 125
8 122 (2.1; ‘ (o) 122

* FOR USAGE SEE "SYNTHETIO UNIT GRAPHS"- TRANS. A. G. U., PART I, 1938.
WORGESTEF? DIV. DPR APPENDIX | PLATE NO.8
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BLACKSTONE RIVER FLOOD CONTROL
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WORCESTER DIVERSION

APPERDIX II. GEOLOGY

2-01. General Topography and Geology of Lrea. - Torcester Diversion,
including drainage area, tumnel and return channel, is located in the
northwest part of the Blackstone wetershed and in the southeast gquarter of
Woreester County, Massachusetts, The area is located near the southeast
edge of the central upland of Massachusetis, locally designated as the
Worcester County plateau, whose bedrcek consists of alternate bands of
granite and narrower bands of folded metamcrphosed sediments. Strue-
turally, the project is within the synelinal Worcester trough. The dis-
sected upland is a plateau only to the extent that the upland areas of
comparatively smooth surfaces and the tops of the greater part of the
interstream and interlowland areas are at an accordant elevation. The
area has s meximum relief of approximately 300 feet, exclusive of
Asnebumskit Hill, a monadnoek in the northecentral part of the drainage
area., In the vieinity, valleys oceur between 40O and 500 feet above
sea level and ridges at about 700 feet above sea level. The trend of
the ridges and valleys is structurally conbtrolled by the bedrock forma-
tions, which have a general northeast~southwest grain. Locally, ridges
are oriented in the direction of glacier advauce.

"a. The drainage ares will be formed in the pre-glacial
Auburn velley, a major regional pre-glacial dralnage gourse. Within the
valley, glacio~fluvial outwash sends eand gravels form the surface
deposits. These deposits surround many drumlins. Depeosits of un-
stratified glaclial ground moraine, buried by outwash deposits, occur in
the valley. Throughout the upland area, bedrock occasionally projects
through the grownd moraine mantie,

be -The carboniferous bedrock, through which the tummel will
be driwven, igfcomposed of two formations, loeally known as the Worcester
phyllite and. the Oxford schist, The bulk of the return channel bed-
rock is gneiss, locally known as the Bolton gneiss. The intake strue-
ture will be founded in. overburden which 1ls underlain by the phyllite
and the cutlet works will be founded on the Oxford schist.

2~02, Location and Description of Site. -~ The site is located in
the Towns of Auburn and Millbury, lassachusetts, approximately three
miles southwest of Worcester. In the vicinity of the intake structure,
~ the east slope of the Auburn valley rises. guite abruptly to the rounded
erest of Pakachoag Hill, The east flank of Ehe hill, on which the oub-
let works will be located, has been quite thoroughly dissected by the
tributaeries of Hull Brook, & minor tributary of the Blackstone River.
The retwrn channel will be located in the Hull Brook valley. The site
is partly cultivated fields adjoining residences and partly pasture
lemd and is accessible by paved roads.

2-03, Subsurface Explorations. ~ Subsurfoce explorations were
accomplished by core borings and scismie explorations. These ex— . .-
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plorations were made to locate and samplé rock and to ddtermine the
thiclmess and characher of the overburden. The locations of the ex~
plorations are shown on Plates Nos. II-1, II-2, and II-3, "Plan and
Profile of Subsurface Explorations and Rock Contours" and the records
of the core borings on Plate No. II-l;, "Record.of Subsurface Explora-
tions, No. 1." » .

a, Borings. - Foundation 1nvest1gat10ns to dete have been
-accompllshed By 27 borings, consisting of 692.8 feet of drive sample
borings in overburden end 618 feet of rock cores. Exploration of the
overburden has been carried out by cased drive samples. Rock samples
were cored with e diamond bit. In the tumnel inlet and outlet areds; -
where the location and character of the bedrock is of importent con-
cern, rock penetration was carried well below the foundation grade of
structure. With exception of two boreholes, drilling was done by con- -
tracts The bedrock encountered in holes at the above structures was
pressure tested and equipped with observation well pipes to obtain
records of ground water fluctuations, - It is planned to obtain such
records over a considerable period of tlme.

b. Seismic Explorations, - Slxty—Slx seismic llnes, total-
ing 21 ,790 lineal Teet, were explored in the vicinity of the proposed
tunnel outlet works and along the proposed return channel. Seismic ex-
plorations were accomplished by refraction method to supplement avail.
able drilling data and thereby obtain information as to depths to firm
rock in order to aid in selectlng ‘the most economical and desirable
route of the return channel. : ;

2-0l,. Geology of Site. - a. Tunnel. - {1) Overbwden Condi~
tions. - Except for’ some 500 feet at the intake end, the tunnel will
Pe ariven threough the phyllite and schist of Pekachoag Hill, a rock-
core hill covered by o mantle of compact, unstratified glac*al ground
moraine {moderately cohesive, impervious till). The tumnel section in
earth will be driven through this structurally strong till. Bedrock
is exposed in a rock cut on the west shoulder and near the crest of
Pakachoag Hill adjacenmt to the tumel aligument. . BEastward from here,
‘the t£ill overburden thickens to & maximun of about 75 feet on the east
slope of the hill. :

: (2) Stratigraphy and Structure. - Bedrogck in the
vieinity of the tummel consists of two Carboniferous fofmations,  the
Worcester phyllite amd the Oxford schiste The contact between the
schist on the east and the phyllite to, the west is obscured by over-
burden but from aveilable informetion sppears to strike northeast
approximately through the crest:of Pakechoag Hill, In general the
bedrock surface east of the erest of the hill slopes toward the east;
however, the prevailing easterly slope is interrupted by a series of
low serrate ridges parallel to the strike of the formation. These
ridges have moderate westward facing back-slopes, conforming to the
prevailing foliation dip, while east slopes are nearly verticel -- the
product of one member of the master joinb. systom which para1lels the
strike of the formatlon.




(a) The Oxford schist, oldest of the two carbonif-
erous formations, is exposed on the southeast shoulder of Pakachoag Iill
approximetely 0.5 mile from the proposed tumnel. Here there are a
series of four low {10+ feet) parallel ridges, striking N, 30° E. with a
voliation dip of 3%6° t6 the northwest. A parallel system of vertical
mester joints forms the east scarps of the ouberops. At the outerop
ares, the schist is a lead-grey, quartz injection mice schist, contain-
ing a few small garnet metacrysts and some sericite. : .

(b) The Worcester phyllite has been encountered
in borings and _outcrops west of the crest of Pakachomg Hill., From west
to east this formation varies from & soft black graphitic and carbon-
aceous phylllte in the viecinity of the intake structure to a black dense
graphitic phyllite. The upper pert of the last phase is quite soft and
considerably broken, The dense black graphitic phase has been encount-
ered as far east as BH-21 (see Plate II-1), which:is approximately
opposite the ftunnel station at which rock tunneling will begin., Bast
of here, the formetion occurs as a dark grey, dense phyllite having =
fine grain and contaeining some sericite. The grey phyllite contains
many small quartz veins which closely follaw the foliation in all its
detail of small folds and erumples. Occasionally larger quarts veins:
are encountered which cut across the foliation. At nearby outerops,
the phyllite strilkes approximately ¥. 30° . snd dips about 55° to the
nortiwest. Unoriented-foliation dips encountered in rock cores are of
about the same magnitude, As previously indicated, the eastern limit
of the phyllite is obscwred Ly overburden and has not been closely de~:
fined by borings to date., However, 1t appears to be somewhat west oft.
BH-2 (see Plate II-1), since at this location a miea schist was en-
countered. :

b. Return Channel. - (1) Overburden Conditions. - Alorg
the return channel the overburden character varies greatly. However,:.
seismic explorations and some borings indicate that the bedrock surface
is quite persistently mentled by glacial ground moraine (till) in which
acoumulations of boulders are frequent. The till appears at the ground
surface to the vicinity of station 52+400. Dowmstresm, the +ill is
buried by incressing thicknesses of glacial lake bed deposits - looseé*
varved fine sand and sandy silt. Within limits of the channel, ex-: "
ploration data 1ndlcates that. the lake bed depeosits are abruptly: terml-
nated by an outcrooplng rock knob at station 110300, Domnstream from
here the propcsed return channel will be excavated in stratified glacio~
fluvial medium to coarse sand and grevel oubwash deposits, The outwash
deposits in the lower resch of the proposed return channel are locally
masked by swamp deposits, whose thickness exceed 10 feet. between sta-:
tions L43+OO and 1148+00, : :

(2) Structure and Stratipgraphy. - The upper reaches
of the return channel will cut through the previously deseribed
Cxford schist., However, the major portion of the return ¢hannel bed-
rock . will consist of a gneiss and schist complex of undetermined age.

II - 3



Several strips and lenses of schist of sedimentary origin are apparently
infolded into the general complex. The rocks of these strips and lenses
include brown biotite quartz schist and quartz-wmica schist. The greater
part -of the bedrock exposures are a complek, closely squeezed mica gneiss -
commonly being a medium-grained to. fine-grained, browm, gusrtzose, biotite
gneiss containing pinched guartz veins. The gneiss which will be ex-
cavated from the channel is a fairly sound rock and will be suitable for
riprap.

(e) The bedrock surface, as determined by borings,
seismic explorations, and field inspections, is quite irregular and
probably contains a greater number of buried rock knobs than shown by the
rock contours and profiles on Plates Nos. II-1l, II-2, and II-3.

2-05. (Geology of Drainage Ares. - The drainage area will be formed
in Kettle and Tatnuck brock valleys, above Leesville Pond, all of which are
within the pre-glacial Avburn valley. DBxtensive glacial deposits of
stratified outwash sand and grawel occur in these valleys, covering the
bedrock to wcertain depth. Drumlins, composed of glacial till, occur
in the major valley. The sides of the main valley ore mantled with
glacial ground moraine through which project occasional rock outerops.

2-06, Foundation Conditions .of Struchures. - a. Intake Structure.
It is tentatively planned to found intake structure on the structurally
strong glacial till as greferable to the bedrock surface which a bore-
hele at site of structure indicates occurs about § feet belovw the bottom
of the proposed structure. Here the upper surface of the phyllite. is
somewhat fractured ard might involve appreciable rock stripping to pre-
pare for a structure foundation, A borehole about 50 feet from the
proposed structure encountered graphitic rhyllite whose upper 10 feet
is fractured and quite soft, indicating that character of rock is very
variable in this area. '

(1} Explorations to date indicate that the bulk of -
the water in rock is carried in the upper fracture¢ rock zone. If such
is the casc at the intake structure, water pressures in the rock at
the side-hill site of the intake structure may require installation
of relief wells into rock during construction to prevent loosening
overburden during structure excavation. Observations are being taken
at the proposed intake structure to further investigate these founda-
tion conditions.

b. Outlet Portal will be founded on the Oxford schist which
has amnle stréngth to support the proposed structure. The tunnel out-
let location has been chosen to give 20 feet rock eover over outlet
portal and may be revised later when rock surface has been betber de-
termined.

2-07. Foundation Problems and Proposed Treatments.. - a. Tunnel
It is not anticipated that any major problem will be encountered which
cannot be handled by ordinary tunnel driving methods,




(1) Moderate local rock-sealing, especially of roof-
rock, is anticipated throughout length of the tunnel. It 'is. believed
that scaling can be generally controlled by anplying spray coabts of . .
cement mortar,

(2) It is believed that timber support cen be held to
a minimun (possibly 5% of the total rock tumnel will require timber.
support) snd that the bulk of such support will be confined to that sec-
tion of tunnel driven through the phyllite. ~

: (3) Since the tunnel oriemtation is favorable by being
nearly perpencicular to the strike of the formations, overbreak will - .
probably be moderate. Although study of surface oculerops and rock cores
do not indicate presence of crushed zones and/or aress of close jointing,
it is conceivable that such zones of weakness do occur; in fact, similar
zones have been seen in the Oxford schist approximately % miles south-
west of the site In a deep rock cut.

: b. EBEffect on Existing Wells. - It is anticipated that.tempo-
rary drawdown of existing water supply weils along the tunnel wmay be the
most serious minor problem encountered. There are a considerable number
of existing wells now in use in region of the tunnel as shown on Plate
No. II-Y% and described in Table Wo. II-1l.

{1} It will probably require about a year to drive the
tunnel and an additional three months to complete the lining ~- a.period
of some 15 months during which ground water in the rock will find easy
exlt through the tunnel. Following completion of tunnel lining, it is
estimated that it may reguire another year for ground water to resume
normalecy -- provided conecrete lining snd grouting planved is sugceésful
in preventing tunnel from leaking considerably and thus permanently
lowering the ground water.

(2} Water supply wells in viecinity of tunnel are of
two types: shallow dug wells in cverburden and deep driven wells in
roclk.,

Qg) Dug Wells, = There are seven shallow dug
wells within zone of drawdown from tunneling., All of these wells are
founded in impervious £ill and normally would not be subject to
appreciable drawdown except over a long time. With one exception, all
of these wells are located near the intake end of the twnnel where it
is probable that contractor will =slect to drive overburden section of
tunnel as a first operation -- facilitating carly erection of intake
structure -- leaving tunnel in earth swwported by temporary timbering.
If such is accomplished, the unlined tumnel will act as a large horizon-
tal drain and complete drawdown of these wells during construction is
probable, A shallow dug well near the outlet portal was adversely
affected temporarily by blaesting during drilling of o nearby foundation
borehole. Thus, it is anticipated that drawdown of this well may well
occur during tunnel ing.
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‘ {b) Deep Driven Wells in Rock. - There are 17
water supply wells driven into rock within possible zone of drawdown by
tunneling. Although these wells are bottomed some 60-120 feet above
proposed tunnel, marked temporary drewdown of these wells is- anticipated
if same water-carrying rock joints feeding wells are also intersected by
‘the tunnel, Direct communication is probable via the master 301nt system-

which strikes approximately: perpendlcular to the tunnel.

" (3) A survey of existing water supply wells has been
made to compile data to study methods of supplying water temporarily in
" ovent certain wells should be adversely affected by tunneling. A moder-
ate number of observation wells are now being installed. From these and
" existing foundation boreholes equipped for ground water observetion, it
*is hoped to. obtain records of ground water fluctuations over a period
“of at least one year prior to constructlon in order to forestall un-
Warranted claims., :

(},} Insofar as artesian pressure does not seem to occur
except locally on the lower slopes of the hill, it is anticipated that
' whatever water enters through joints and cracks will readily drain out
through tunnel without 1nconvanlenclng the cqntractor provided tunnel
is driven upgrade. S

2-08. Sources of Construction Material. - A detailed aécéunt of
construction materials w1ll be fownd in Appendix VIII, "Availability
of Construction Materials," Cre

2«09, Conclusions ~ Geologic Feasibility of Site. - The.overall
geologlc conditlions are favorable for Lhe construction of the pr0posed
structures.
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WORCESTER DIVERSION

APPEVDIX IIT - SCIL DATA AND AALYS iS5

%-01, Laboratory Test iethods. - . Soil Clagsification. ~ (1)
The Providence District 50il Glassification was usec wherein soils are
described by a name, covering peneral type of soil, plus a grain size
number which is a function of position and shape of the grain size curve,
The 16 classes of grain size numbers are shown graphically on Plete No.
TII-1 and described in Table III~l. Grain size numbers are determined
from results of grairn size tests, but to a majer extent such is accomp-
lished from visual examination in whiech case subscript "v" is inecluded.
Use of double class number as ([;-2) indicates that the coarser portion
of the grain size curve lies in the Class L range and the finer in the
Class 2 range - in this case a very wniform sand. In conbrast, Class 2-4
represents & much more variably graded sand. In using double class num-
hers, even numbers (uriforn gradation) are never used in combination with
odd numbers (variable gradation).

(2} Virere pertinent % sipn roblems, visual permoa-
bility estimates are made during soill classification to assign maberials
A

into the following permeabvility groups. UPor foundabion soils, classifi-
cation is made for estimated or measured demsity in natural deposite

Coal 1o“crt of Formoahllltv

Permeabhility Group { x 10™4 cnu/écc)
Impervicus () Cel

Semi -impervious {Su) ' O¢l - 1.0
Semi-pervious (SP) 1.0 - 10
Pervious (P} 10 -~ 50

Very Pervious (VP 500

b. Grain Size. - Grein-size curves of samples were obtained
by sieve and hydrometer analysis of representative somplss for the major
soll types encountered,

c. TYater Content md Netural Density. - Waler contents
and natural densities were determined with reasonalble approximation from
short soil cylinders paraffined when taken as boring drive samples.

g, OtHer Tests. - Tests for shear, consolidation and
permeability were no not € per formed in the Definite Projccb sbage of the
on S

.
1it
investigobi

2=-02, Foundetions Conditicns - Intake Channel, - ”he soil wmantle
at the intake is compact glacial tiil (classes § end 11}, structurally
strong and imperviocus. For such s compact foundation, no appreclable
settlément is anticipeted for the intake strueture and colferdamming over
the impervicus ©ill should not offer a particular svroblem. A contor-
lire soils profile is sham on Plate do. [I-~1.

3-0%. Foundetions Conditicns and Stability - Return Chamnel. - The
channel will be excavated mainly in soil overburden, bubt some rock exca-
vation will be necessary. Centerlinc. soll profile ies shown on Plates Nos.

IIT - 1




112 and II~3. Gradation curves for typical soils are shown on Plate No.
ITI-2.

ae Qutlet Portal Area. - The chanmel will be excavated in
bedrock with Till overburden. rrogressing down the channel below the out-
let portal the charnel cut leaves the bhedrock snd will be entirely in till.
The till is structurally strong and slopes greater than 1 on 2-1/2 would
be stable; however, & 1 on 2~Lf9 slope has been selected to facilitate
power mowing of the portion of the slepe to be turfed and for uwniformiity
with the channel immediately downstream.

b, Lake Bed Reach. - At point where chanmel joins Hulls
Brook to approximately Staticnm 109+00 the charmel will be excavated in
Pormer glacial lake bed deposits of varved siits and fine sands (classes
6, 6=8, 8 and 10}, CGradation of these types of soils forming the indi-
vidual varves can be judged fromw Plate Wo. ITZI-1, 1t not being customary
td conduct grain size tesbs on disturbed or mixed samples of & varved
deposit, These goils arve struecturally weak (loose natural condition and
lTow permeability), are essily ercded and are strongly frest acting.

(1) Although no shearirg surength dats were obtained
from soil samples (samples being too small in diameter), values were
estimated frem similar ﬂateila] tested for other sites. 3ased on as-
sumed valuves of ﬁ = 31°, o = 0,05 tons »per sg. 4., & siight factoer of
safety against a slide on sudden ¢rewdomm of design discharge in the
channel is provided by slopes of 1 on 2- l/IHn Some snmell local slides
may occur on drevrdown bacause of local zowes of weaker material; bub,
it has not been considered economically worthwhile to obbain complete
safety against such.

(@) For maintaining stability of the slopes, rthe de-
sign requires spoil plles of excaveled soils be givern a slopge not
greater than 1 on 3 parallel to the channel and that & berm be nrovided
between top of channel cut and toe of gpoil pile,

{3) Tre fine soils of the lake bed area are highly
frost heaving; and, therefore, unprotected slopes are marizedly subject
to frost sloughing during spring thaw, TFrom experience at other site
covering the slope with a filter blanket of appreciably more pervious
material has been quite successfMl 1n resisting frost sloughing and such
is, therefore, included in this desipn {see Appendix V).

c. oSand and Grawvel Reach. - Between approximate stations
110 to 143, the channel wiil be ir medium to coarss sends end gravels.
These soils are sufficiently strong to permit slope QTCCfenings but,
the slope of 1 on 2-1/2 hes been continued for vniformity and %o facili-
tate pover mowing of turf,

d. Swamp Reoch. - From Stetion 1.3 to Station 145 (approxi-
mately) the channel will e shellow; 7<0 feét deep, and will be oxca-
vated through a swamp conbalning peat and organic silt. This material
has little structural strength, but the cut being so shallow, no special
treatment has been considered Justified,

3

117 - 2



e. Outlet at Blauckshone River. - Between Station 148 and
the Blackstone River, tne channel will be excavated through sands and
gravels, A small amount of organic silt will probably be encountered
in the river bank,.




TABLE |
WAR DEPARTMENT CORPS OF ENGINEERS, U, S, ARMY

PROVIDENCE DISTRICT SOIL CLASSIFICATION

CLASS DESCRIPTION OF MATERIAL
| Graded from Gravel to Goarse Sand.— Contains littie medium
sand.
2 Coarse to Medium Sand.- Contains little gravel and fine sand.
3 Graded from Gravel to Medium Sand. — Contains littie fine sand.
4 Medium to Fine Sand.— Contoins littie coarse sand and coarse
silt,
5 . Graded from Gravel to Fine Sand.— Gontains little coarse
silt,
6 Fine Sand to Coarse Silt. — Gontains ljttle medium sand and
" medium silt, )
7 Graded from Gravel to Codrse Silt.— GContains littie medium silt.
8 Coarse to Medium Sitt. — Contains little fine sand and fine silf.
Q Graded from Gravel to Medium Silt. — Contains little fine silt,
10 Medium to Fine Silt.— Conftains little coarse silt and coarse

clay, Possesses behavior characteristics of silt.

106 Medium Silt g Coarse Glay. — Contains little coarse silt and
medium cley. Possesses behavior characteristics of clay.

e Graded from Gravel or Coarse Sand to Fine Silt.— Contains
iittle coarse clay.

12 Fine Silt to Clay,— Contains iittie medium silt and fine clay
(colloids). Possesses behavior characteristics of silt,

12GC ‘Claz.-— Contains little silt. Possesses behavior characteristics of
clay.

i3 Graded from Coorse Sand to Clay.— Contains littie fine clay
(colloids). Possesses behavior characteristics of silt.

1A C Clay. — Graded from sond to fine clay (collo:ds) Possesses
behavior characteristics of clay.

ENGINEERING DIVISION—-SOILS LABORATORY PROVIDENCE, R.L

Hi-5
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WORCESTER DIVERSION

APPENDIX IV. HRYDRAULIC DESIGH

1-01.  Hydravlics of Divbrslon Tunnsl and Chamnel. - Crit vrjq

for Pevign.- (1) Ceneral. - The intake strvcturo retos, tunrc] “ond

pa 38 tnc reak ratr of dE&CﬂﬂTgC oi Lre d931rn flood )600 c.i.sa, with
the water surface in Leesville Pond st the spillway cre ,t, elewalion
«[',".7}_1.0 e S 1,

() Design Floods - Computation of the design flood for
the Worcester Diversion is explained in detail in peragraph 1-03%., Tt
has = pesk rate of discharge of 5600 c.f.s. and an average annual chance
of oceurrence of 0.2% according to the frequency-magnitude curve shown
o Plate I-l.

(3)- Tailwater Elﬂvations in Blackstone Kiver. - Dsvel-
opment of & tailwater ratiog curve and the probable rave of discharpe
in the Blgekshone River at the out]mt end of the Worcesber Diversion
Chennel ere described in peragraph 1-0% e, To design the diversion
channel for all retes of discharge under which 1t mey operate, 1t w
necessary to know the corresponding ratos of dieoharme and tal lwater elo-
vations in the Blackstone fiver st the outlst end of the diversion chan-
nels Upon the basis of the dﬁslgn storm conditions discussed in the
paragra aph referred to above, it was shown ty cowmputstion that whenever
the Worcester Jlversion div erts the eatire inflow o Leessville Pond the
P discharge in the Blackstone Kiver at the lower end of the

io

maximum rate of
diversion channel will be twice the. rate ol discherge through the Diver-
sione, If the design storm is concentrated almost eutirecly over the drain-
ags arca @ove the Diversion intake, Lhe minimum probable raie of flow in
the Blgckstone Fiver will result., This minimum rat, of discharge vmas ob-
talned by adding an assumed base flow of 100 ¢.fus. to the divercsion
chamnel discharge., By the use of Llhese akuumrfwonf and the tailwater
rating curve for the Blackstone River, the mgximum snd miniaum tailwater
elevations in the river for any selsctod rate of discharge tnrough the
Worcester Diversion were obtained. -

L]
L
L

(l1) ®method of Operation. - The Worcesbter Divorsion ine
lot gates will romain closed until it becomes obvlous thet dischirge
~over the Leesville Pond fnLllwuy will contributs to damaging stuge

through the City of “orcester.  The gebes will Lhen be Oancd suff
ly to lower the pool in Les avilie Fond to the spillway crest snd dlvcrt
the entire Leesville Poad inflow through the tunnel. During this vsriod




of full diverslon. the gates will be operated to maintain the poel in Tess-
ville Pond at or slightly. helow the Spillway crest, As soon as the flood
has subsided sufficiently. to permit discharge over the Leesville spillway
without causing damages in the City of Worcester, the gates will be closed.
The minimum rate of discharge at which the Worcester Diversion will oper-
. ate will he governed by the channel capaclty of the Blacks*one River through
Worcester from the Leesville Pond Dam to the mouth of Hull RBrook and it
will be about 500 c.f,s. as demonstrated by the following analysis of the

" channel capacity for this section of the river, Three damage reaches are
invelved ~ I, from Leesville Pond- Dam to Curtis Brook Dam; II; from Curtis
Pond Dam to Middle River Bridge, and III, from Kiddle River Bridge %o the
mouth of Hall Brook. The respective 1ndex stations for these dsmage
reaches are (1) U.S.0.5, gaging station at Webster Street Worcester,

(2) the M. J. Whittall Association Dam and (3) The Millbury Woolen Mills
Dam, Pertinent data regearding drainage areas and channel capacities at

the index station and corrcsponding proportionate discharge rates past

the Leesville Pend Dam are as follows:

. o Corresponding Disch.
D, A, A% : Channel Capacity at Leesville Dam -

Reach - Index Station at_Index Station - (By ratio of D.A, ts)
1 3.3 - 00 . 700
II - 49.9 1150 - 720
SIIT ' 65.5 1190 : 570

From the foregoing table it is apparent that discharge through the
Worcester Diversion will have to start when flow over the Leesville Pond
Dam reaches 500 c¢.f.s., to avold having discharge over this dam contrivute
to damage stages in the lower of the three damage resaches listed above.

" Operation of the Diversion as described above will effect flood
stages through Worcester as shown in the following table, for two typi-
cal floods, the "design flood" and the March 1936. ficod. The "design
" flood" referred to in this table is the flood that would result from ex-
tension of the "design storm' described in paragranh 1-03 b over the whele
drainage area tributary to the Blackstone .River above the mouth of Hull
Brook.

'TABEE
REDUCTION CP TLOCD STAGES THROUSH WORGESTSR

: _ ‘Design . Harch 1936
Location : . - Flood . Flooad

U.S.G.S. Gagan& Station : 12.9 8.0
Webster St, Lower Brldge , ) 6.0 5.0
Below Dam, Hopeville Mfg, Co. : A2 2.5
M. J. ¥hittall Association Dam 5.0° 2.7
Southbridge St., Bridge k.6 3.4
Below Central Works, Am, Steel & %Wire Co. 34 2.7

Iv-2



When the Diversion is in operation the river stage below the mouth of

~ Hull: Brock may be.slightly higher than would naturally occur if the Diver-
~sion - was net in operation, due to flow through the Diversion Deing more
rapid than by the natural channel, Because of the relatively short length
of natural channel invelved and the small amount of valley storage within
- this sectlon of river channel any increase in stage would be negligible
and for many storms there would be no increase in stage.

b. .- Details of Hydraulic Design, - (1) Intake. - (&)

Approach, - Uhder normal cperating conditicns, as stated in the preceding
paragrapk, a simple riprapped aporpach channel would be adequate, If,
howsVer, the gotes should remain fully open after the peak inflow to Lees-
ville Pond had passed, the pond would be drawn dowr rapidly, and erosicn
and displacement of riprap might result. Such an occcurmnce probably would
necessitate expensive clean-up work in the tununel as well as repairs 1o the
approach channel., To avoid this possibility a control weir 10L feet long
/dith crest at elevation 478.0 m.s.l., is provided just upstream from the
tunnel inlet. If the gates are fully open there will be free discharge
over the weir for flows wp to about B000 c¢.f,s, at the design discharge
the weir will be approximately 55% submerged, Free discharge over the welr
would, however, be aveoided by proper gate operation.

{b) Gates, — For any given number and size of gates,
the £i11 slevstion is determined by the requirement that 3920 c.f.s. must
be passed with one gate ¢losed snd the water in Leesville Pond at eleva-
tion U8L,5, The most economical design was found to be three gates, O feet
wide by 12 feet high., Because of foundation conditions the sills were set
at elevation U4H5.0, which is gomewhat lower than necessary to meet the
capacity requirement, The computed capacity with one gate closed and the
water in Leesville Pond at elevation U8U.5 is L300 c.f.s.

{2) Tunnel, - The tunnel was designed to fiow full at
the design dischorge of 5666~b .8, with the water surface in Leesville
Pond at elevation th 5. The invert at the exit portal was set at ele-
vation 407,00, which is the lowest elevation coznsistent with adequate
slope in the opern channel, Friction loss in the tunnel, which will bve
about, UH00 feet long,wWas computed by the Manning formule with n = JOL3.
Under these conditions a circular tunnel having a diameter of 16,0 feet
was required. Uhen the discharge is less than 5600 c.f,s. the tunnel
will flow partly full,

(3 Stlllln, Basin, - 4 stilling basin just down-

»tredn from the tunnel portal was found to be necesssry Lo lnsure non-
erosive velocities 1an the open channel after it runs out of rock cut about
. 600 feet downsirsam from the tunnsl portal. The design of the stilling
basin was governed by the tallwater depth necessury to produce the hy-
draalic Jump with maximws tunnel discharge and corresponding minimum water
surface elevation in the Blackstone Hiver. Two methods of obtaining the
required tailwater depth were feasible, (1) excavation of the channel
vottom and (2) construction of a sill across the channel. In order to
obtain the requireddepth entirely by excavation, it would have been
necessary to set the floor of the stilling basin about 5 feet below the
bottom of the channel, This scneme would have created a psrmanent poal

Iv-73



“‘;whlch could riot be dralned and Was rejected for that reason. Bacause

';;of Lhe relau1Vﬂly low kineticity of the flow entering the basin, a jump

st poor quality would have resultéd from'use of a sill alone to provide
" “the requlred depth. A basizn in ‘which a satisfactory Jump will form and

" “which can be drained was desigued by depressing the floor 2 fest below
© the’ chaﬂnel bottom and providing & sill to. ensure the necessary depth of
tallw@ter “The basin will be drained by means of a pipe through ‘the end
sill, A drainsge channel will be excsvated iu the rock to connect the
pipe with the low pariv:of the open channel section excavated in earth.

- The quality of the Jump in ‘this basin will not be so good as that in a

 Vasin designed by the first method ‘but will be better than that in a

“.basih using an end sill alone, Details of the stilling basin are shown

" on Plate Yo, IV-1, ' '

(4) Open Charnel, - Jater-sutface profiles i tne open
cnanuel were computed for the purpose of determlning, over the fuall
©orang e of diversion discharges from 500 e fus. to 5000 c.f,s,, the follow-
1ng mallma: and m1n1ma

(2) Dtlillﬂ& basin tailwater blPthlonS.

) s © {b) Velocities and water surface elevations in the
' open chednnel, ' | o

Assumed conditions Ffor these coimputations were:-

‘ {a) Haximum river ¢levation and maximum friction
“eoefiiciant,

7 (B) Hinimum river elevabion and minimum friction
coefficient. The resulting computed profiles and velocities are shown
“on Plates Nos. IV-2 to IV-5, inclusive. Stilling basin tailwater curves
are hown on Plate No, 1V~l Co ‘

h~02. Leesville Spillway 1ydraullcs ~ The maximum safe capacity
of the Leesville Dam spillway is estimated to be about 1500 ¢.f.s. To
pass this discharge over the &2-foot spillway, the pool would have to
" De up t0-the top of the abutments which are only 3.3 fest gbove the
spillway crest. With the pool at this elevaiion, the Worcester Diver-
sion would discharge about 5500 c¢.f.s., and the rate of inflow to
Léesville Pend would be about 7400 c.f.8. Storage between the spillway
crest and the top of the dam amounss to about 480 acre feet,

Information from the owners of Leesville Dam indicatesthat
there is prooabiy no ¢ore wall in the dam embaniments at the ends of the
‘spillway and that the embonkment material is srandom sarth and gravel fill
- which would wash out very qumckiy if the dam were overtopped. This was
“rdemonstrated in March 1950 ‘when a peak discharge of 2520 Ch f s. washed
out part of the embankmeat oack of the rlght abuxment '

¥
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A computed spillway flood having a peak discharge of
20,900 c.f.s. as comouted in paragraph 1-04 d would overflow the banks
of Leesville Pond, A lnarge part of such a flcod would reach the City
of Worcester by way of a railroad cut and highway, Leesville Dan
probably would be overtopped. However, even if the dam were rendered
ineffective as a control, which is unlikely in view of the nature of
its construction, existing controls downstream from the dam wounld
gause the water surface in Leesville Pond to remain sufficiently high
for the Worcester Diversion to operate at design capacity or more .
until the peak of the flood had passed, Therefore, it is considered
unnecessary %o medify in any way the existing Leesville Dam and no

surcharge~length relations were developed for the computed spillway
flood. )
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. WORCESTER DIVERSION

APPENDIX V., STRUCTURAL DESIGE

5-01. Design Standards. - Standard practice in structural design
has been followed throughout. In genéral, the concrete design has been
based on the “Joint Code of the American Concrete Institute and the Rein-
forcing Steel Institute for the Design of Concrete and Heinforced Con-
crete" issued in 1941 and the Joint Committee; Recommended Practice for
Concrete and Reinforced Conerete, issued in 1040. Allowable stresses are
reduced to insure added permenence end safebty in accordance with the
character of the project.

5=-0c. Logdings. - The following unit weights have been assumed ard
used throughout for structural design:
Tnit Welght

Material ' "Pounds per cu. ft.
Water 62,5
Concrete, plain or reinforced 150

Steel Lgo

Dry Earth - 106G
Saturated Earth 125

Rock 175

Horizontal earth pressures were taken as %5 lbs. per square
foot equivalent fluid pressure for dry earth and 80 lbs. per square foot
for saturated earth.

5-03. Tunnel Sections. - Concrete bunnel sections are proposed for
economy of construction consistent with good engineering practice. The
non-rainforced tunnel section in rock is designed for erosion and wear as
well as struetural strength. In view of the expected intemmittent use,
the 28 ft. per second and the highly abrasive properties of sands encountered
in this vieinity have been discounted in design. The reinforced tunnel
section in earth 1s designed for the total sarth load above the structure
and includes an allowance for erosion.

5-04.  Structures. - Intake Structure. - The control house substruc~
ture is designed to withsband full surcharge hydrostatic load on the up-
stream face and foundation (El., L84.5 M.S.L.) and to withstand the dead
loads of the structure and surrounding esrth., The structure is founded
on till of suitable quality. The control house floor end floor beams are
desighed for full dead load and a live loed of 500 pounds per squere foot,
assumiing full continuity at the ends. The stairs are designed for a live
load ‘'of 125 pounds per square foot of horizontal surface plus full deéd
load using a span equal to the horizontal distance, and designing the
positive steel for simple Deam moment and the negative steel for fixed
beam moment.




5-05. Weir and Wing Wallse —~ The weir and floor slab are designed
for full hydrostatic uplift for meximum flood throughout as well as sarth
pressures. The retaining walls are-designed by use of the Coulomb theory
in preference to the Rankine theory because of the surcharge behind the
walls and an inclined concrete surface in contact with the fill, This
precedure 1s belleved to give results more in conformlty with observed
data, :

5-06.  Slope Treatment of Channel. - Several types of slope protee-
tion treatments have been sclected Tor use on the following designated

]

sections of the channel and are shown on Plates Wos. 5 and 6 of the report.

a. Inteke Channel. - The slopes will ve prOuected against
wave action and erosion from approach channel veloeities of 5- l/é s per
secs by 12 inches of hand-placed riprap on.6.§nchgs of suitable bedding.

b. Return Chennel will be protected against erosion from
channel velocities of & ft. rer sec. in channel sections and somewhat
higher velocities at bridges and against frost sloughing- by the follow-
ing treatments:

(1) 12 inches of hand-placed riprap on & inches of
suitable bedding under and adjacent to all bridges except where a concrete
bottom is provided.

(2) 2L inches of dumped rock riprap at the outfall into
tne ‘Blackstone River and extending to the hand~-placed riprap at the ¥F.Y.,
H.H, & Hoe RR brldge--placed largely under water and, therefore, without
bedding.

(3) 2l inches of tunnel muck filter blanket on the ten-
gents in the lake bed area., In addition to resisting erosion, this blanket
is intended to furnish protection against frost sloughing of slopes during
spring thaws by decreasing the depth of frost penetration into the silts and
alsc lengthening the period of thawing in the spring, thus pemmi tting the
gxcaess water to escape through the more pervious blanket. ‘

(L) The major curves will have slopes protected by 24"
of dumped rock from channel rock excavation on 9% of bedding., This will
furnish protection both against channel currents and frost sloughlng dur-
ing spring thaws. .

(5) Channel slopes, excevt where protected with dumped
rock, riprap or tunnel muck, and surfaces . of spoil piles will be mulched
and seeded, Where exposed material is unsuitable to support growth a
layer of topsoil mot less than & inches on channel slopes and 3 inches on
spoil piles will be .placed before mulching and seeding,
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WORCESTER DIVERSION

APPENDIX VI, HYDROELECTRIC POWER

The development of hydroelectric power is not practical on a project
of this type. )

VI « 1
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WORCESTER DIVERSION

‘AfPENDIX VII-A - RELQOATIONS . .-

" 7a-01. Qﬁggzgl - Investlgatlons relaxlve to necessarv relocations

;;-of hlghways. public utilities and other improvements werg: made en.the
.| . basis that the City of Worcester would provide facilities equal. to facili-

l.tleS now existing wherever the chahnel or tunne1 Lnterfered with etlstlng
ngj_ts of way. = . 3 .o

Ta~02. Highways:- TFouy highways ¢ross the préject aiignﬁéﬁt in
order proceeding downstream from the intake, the following fecilities will
bermmn?&

. a. ‘State Route 12. - No brld e or other faecility will Dbe re-
qudred, The diversion at thisg location Will be in tunnel with invert grade
51 feet below the road., Mo disturbance to the road during construction of
the tunnel will be necessary, .

7 EJ, U. 5. Routée 2C. ~ The diversion will pass under U, 3,
Route 20 in an open chanmel following the present aligmament of ™ll Broolk,
A new bridge will be remired to replace the existing Hull Brook culvert.
The bridge will require a clear span of 50 feet and a clearance from chan-
nel bottom at elevation HOU.0 to bridge floor at Bl, 426+ of 22 feet, Mo
changes to the highway grade will be required. The maxi mamn water_surface
elevation in the channel at this location will bde 418.6. The estimate of
cost for this structure is based on a H0-foot span, reinforced concrete,

deck girder for the full width of the roadway designed for H20 loading.

¢, Hawthorne Street, - The diversion channel will cross
Hawthrone Street, & Millbury town road, No present need exists for pro-
viding a bridge at this location -in view of the fact that the single
dwelling thereby cut off from atcess will be among the properties ac-
gquired for the chammel right-of-way. - "

S Greenwood Street, '~ The diversion channel will pass
under Greehwood Streect following the present alignment of Hull Brook. A&
new bridge will be required to replace the existing Hull Brook bridge.
The bridge will require a clear span of 50 feet and a minimum clearance
from channel béttom at el, 398,5 %o bridge floor at el, UL6.0+ of 17.5 feet.
Minor changes to highway grades will be necessary, The maximum water
surface elevation in the channel at this location will be U17,3. The
estimate of cost for this structure is based on a H0-foot span, steel
beam with reinforced concrete deck for the full width of the roadway
designed for an H-12 loading.

7A4-03, Proposed Hi~hway Relocations, ~ No highway relocations are
propesed for this project,

&, Summary of Proposed Highway Alterations. -~ Recommenied
highway alterations consist only of the two new bridges and minor modi-
fications in approach pavements as described in the preceding paragraphs
and shown on Plate 3 of the report,

© VITSA-L



7404, Railroads. - Two branch lines of the New York, New Haven and
Hartford Railroad are ‘crossed. at the Worcester Diversion. The Worcester-
New London Branch, parallel to Leesville Pond, will not require relocation
as the result of this project. Congiruction at. thie railroad right-of-
way will consist -of tunneling in earth and. exlstlnb railroad facilities
will not be disturpbed, The Provxdence~Worcester Branch ‘of "the New Haven
'Railroed is crossed near the outlet .and.a new bridgs will be installed
" at the expense of the City of Worcester The estimate of cost for thie
structure is based on a 90~foot span, double’ track 0pen &ecx, plate
girder brlage de31gned for an B-60 loadlng.

TAwOS. Ut111ties.r- The WOrcester Diversion Progect W1ll have no
effect on existing utilities except an 8-inch water pipe llne in Green-
wood Street which is to be bridged and the 6-inch petroleum pipe line
near U,5. Route 20. Adequate provision will be mede to carry pipe lines
Hn structures or depress them under the channel, ¥or the purposes of

. this repert, both pipe lines are assumed. lowered to W feet ‘below flnlSh
grade on their present slignment,

. 74-06, Cemeteries. .- No cemetery relocation will bve requlred as
- the result of the construction of th? Worcester Diversxon.'

T&~07. Qost Summaries, - Gost;estimates exclusive of land damages
have been made from reconnaissance and considered in discussion with

" loecal authorities, on the basis of the relocations described in the
preceding paragraphs and are tabulated below:

TABLE
Route No, 20 Highway Bridge $75,000
Greenwood .3%t. Bridge 25,000
Railroad Bridge - _ ©OT5,000
Care of Pipe Lines 2,500
. ‘ $177,500
Contingencies + 20% . 35,500
] o . 213,000
BEngineering + 15% 2,000
Estimated Total Cost for

Bridges and Utilities. - $245,000

CVIIA - 2
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TIORCESTER DIVERSION

. APPEHRIX VIT-B, RBAL BSTATE PLANHING

7B-01, . Goneral. - The estimated cost of the value of reel estote

situated in the chamnel and intake area was determined on the basis of
acequisition in fee simple by Tthe City of Worcester for those itens

. which must he mainteined permanently; in the tumnel srea acguisition
will be by easement and for spoil area right of entry will be by easem=
ment or permit., In estimating the cost of the real estate involved ue
comsideration was given to acquiring lemds to aveid the payment of
excessive severance damages. JThe -estimate of the waluec of the property
to be acquired was detormined by inspection of the area by roproesantobives
of this deparitment since no such estimate has as yet been preopurcd by
local officials,

7B-02, Description of the Gonaral Arca, -~ The Tiorcesvar Diversion
extonds from Lecsville Pond in the town of Auburn to the Blackstone
River at the mouth of Hull Breok in the Tovm of Millbury, both in
Yiorcester Coumty, llassachusctts, The Towms of Auburn and {illbury
erc situated south of the City of Torcester. Within the arca traverscd
by the diversion the development is chevasctoristic of rural and suburban
camunities., The portion traversced by the Divorsion is generally
agriculbtural end the acquisition will be through pesburc land,
lassachusctts State Highway Routo 4712, liass, Ue S. Route 420 and Greon-
wood Street in Millbury traversc the area through which tho diversion
Tunncl and chennel is to be comsbructed. The Now York, Fow Haven and
Hartford Railroad traverscs the arca at two placcs, The topography
overiying the tummel is hilly and sparscly populatcd. The diversion
channcl passcs through the tovns of Auburn snd #illbury spoproximet ely -
following the course of Hull Brook, The land is partially woodod with
gantly rolling topography. Some farm units snd . residamtial buildings
arc locoted neer the chanrel,

7B-03. Classificstion of Real Lstetc Affected. ~ a. The classi-
fication of lend to bo takwn in fee is ag follows:

Cottage lots L heroes
Cultivated g "
 Posture 9 "
"HOO d s 5 |
. Low wot pasturc 5 "
Gravel pit e

be The classificotion of lond on which pormits or crscw
‘ments arc to be taken is as followss

Cottage lots
Cultivated
Pasturo

Tloods

Low wet pasturc
Grovel pit

LACYrCs
n

ol
Rl o NG B 6N
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7B-0lj.  Water Main., ~ There is an 8 inch water main under the
present bridge on Greenwood Street which will be relocated to a
similar position on a new bridge to be constructed by others., There
will be no land reguirements for this relocation.

78-05, Petroleum Pipe Line. - A 6-inch petroleum pipe line owned
by the Socony-Vacuum Oil Compeany traverses the ares under an exisbing
bridge on Route #20, The pipe line will be lowered in grade on its
present right of way and an easement or permit vrll be requlrea to cross
-'thls right of weYe ‘

7B~-06, ' Additional Basements, - A right of way will be required
. over an existing road leeding from Route 12 to the work area at the
o entrance portal of the tummel with the right to improve said roads
(Easements or permits will be obbained for the construction of the
tunnel-) '

7B~07. Water Rights. - The Consolidated Rendering Compeny of
Boston, Massachusetts, owns the dam and water rights around Leesville
Pond., There is no present power development., The weter from the nond
is used in processing abt the loeal rendering plant. No diversion of
wabtor from this pond will be performed except during floods., The
diversion of water occurs only during flood periods and during such
perieds will be controlled by the gates.

7B-08 liinersl Rights, - There is no evidace that there are any
existing sub-surface rights for coal, c¢il, gas or minerals in the area
to be affected., There is however the probability that the well water
supply of properties on the surface of Packachoag Hill above the tumnel
may be bemporarily affected., If this condition asrises, the owners would
be required to file claims apgainst the City of Worcester in crder to
compensate for any loss. o allowance is made for such claims in this
report, ' .

7B-09, Cemeberies, = There are no cemeteries loceted in the aree
to be acguired,

7B~10, Land Acquisition Cost Estimate. - The ssbimate of cost
for lands, improvements and scquisition costs are tabulated below,

TARBLE I ~ REAL ESTATE PLANNING

ESTIMATE OF COSTS FOR LiNDS, TMPROVEMENTS

AND ACQUISITION EXPENSES

Item ' o Cogt
Lend and Improvements (Fee simple and Basements) 60,000
Contingencies plus 10/ - . 5,000
366,000
Aequisition Expenses plus 15% : 10,000
Total Acquisition Costs a $76,;000

VII-E « 2



AR DEPARTMENT
UNITED STATES BVGINEER CFFICE
PROVIDENCE, RHODE ISLAND

BLACKSTOHE RIVER FLCOD CONTROL FROJECT

DEFINITE PROJECT REPORT

VORCESTER DIVERSION

APPETDIX VIII

AVAIIABILITY QF COUHSTRUCTION MATERTALS

To accompany Definite Projeet Report

dated Sept, 1546



TIORCESTER DIVERSIOW

APFEWDIX VIIT, AVALLABITITY OF CONBTRUCTION NMATTRIALS

JONTENTS

Parograph Title Page
B—Oi Ganeral VIII - %
BuD2 Rock VIIT - 1
8-03% Topsoil | Viil - 1
8-0y - Conerete Aggregates VIII - 1
805 - Summary of HMatorials Available Virl - 2

PLATES

Pilate o, Ditle

VIII-1 Grodation Limits for Provosed Filter Blanket

to Protect Loke Beds from Frost Sloughing and
Erosion



WORCTESTER DIVERSION

APFENDIX VIII, AVAILARILITY OF COESTRUCTICH MATERIAL

8-01., General, - Ample material for lining the channel bottom
and slopes as indicated on Plates Hos. N, 5 and &6 of the report are
available from the proposed tumnel and channcl excavabion. The earth
excavetion is To be spoiled adjacent to the channel as indicated on
Plates Mos, 5 and 6.

8 02, Rock. ~ 8., Rock for riprap will be obtained from rock
excavebion in the chennel which is somewhat harder thim othor rock in
the project {See LAppendix II). It is estimated that approximebely .
80,000 cu. ydsa will be available to mect the requireanent of &,000 cu.
vdse of hand-place riprap eand 18,000 cu, yds. of dumped rocls,

be Material for the 2h-inch tunnel muck filter blanket
will be obtained by washing excess fines from the tunncl muck (See
Plate Fo, VIII-1), It is ostimabed thet it will be necessary to remove
by weshing 50 percent of the meterial finer than #200-mesh sicve to
provide a filter blanket which will be more pervious than the lake bod
soils. It is.cstimated that aprroximatoly 40,500 cu. vds. of tunncl
mack will be available for this processing and should yield tho réguire-
nent of 30,800 cu. yds. of filbor blanket matorial, Assumptions as to
gradatlon of tunncl muck arc bascd on cxperience Wlth gimilar metorials
in the Quabbin tunnel,

(1) It is also proposed to allow usc of procosscd
tummel muck as bedding for riprap ss an alternate to bank-run grevcel,
which latter is not abundant ncarby. Tor this purposc it will be
necessary to ranove excess fines from the tunncl mucek and also to ramove
rock fragunmts larger then % inches. Approximately 10,800 cue yds. of
bedding will be regquired,.

8-03., Topsoil, - Topsoil for devclepment of turf on siopcs of
chanmcl or spoil banis not proteeted by riprap or filter blanket and at
locations wherce nabural soil will not support growth will be cltained
from stripping of channcl arca, JAmple meborial is availablce but slight
scleetion must be cxorcised to aveld inclusion of highly acidic swamp
mucl or othor objcetionable materials,

B8=0lLe Conecrctc Lggrogates, - Proccosscd sand and gravel aro obtaine
ablc at a commorcial gravel and tremsit-mix conercto plant about 1/2
milc from intake wmd of the tumnel, which have a satisfactery scrvico
record and have eppeared. suiteble in proliminary toestse Othor gravoel
doposits arc located at about a mile or morc haul but do not have plant
faci 11'{.«1050

VIIT - 1



B=05.,  Sumnary of Materials Availasbles - In balanecing meterials

required against those available, lable Fo, VIII-l forms a preliminary
ugage plan, which is designed to give a conservative estimate.of wast-

age and losses.

Table Nos 1

“Summary of Materials Required and Available, orcester Diversion

sBstimated

. Bmbankment, Shrinkage; #xcavation: ' i
Type , measure ; & Loss , measure ; Source :Total ivail-: Remarks
.+ Cusydse . Factor ; cugydses ' sable cu.ydses :

E RTINS N € B ¢ B ) BRI (O NN
Riprap : 8,000 : 1,2 = 6,700 ¢ Chemnel ): 80,000 * Remainder
Dumped 3 : : : s to
Rock ¢ ~18,000 : 1,3 i 13,900 :  do ye- :  be

: ¢ : $ ot ¢ Tlasted
Graded : : s H : 2

Tumels : - : Tumnel Yoo oo :

Muck ¢ 20,000 : 1.0 + 20,000 ¢ Muck ) 10,500 ¢
Bedding: 10,800 ¢ 1.0 : 10,800 ¢ do . )¢ :
Topsoil: 18,00 + 0,85 ¢ 21,200 ¢ Stripping: 50,000 ¢

VIII w 2
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YORCESTER D IVERSION

APPENDIX IX - SPECIAL STUDIES

9-01l, -Selection of Definite Project Plan, = In arriving at a
selection of the most ecomomical snd locally acceptable overall plan
of development for the site within the scope of the authorization and
subsequent instructions, several fuctors were considered of salient,
importance,

(l) Providing the suthorized flood control capacitys

(2) Limiting interference to ex1stnng development near
the affected aresa to a minimom,

(5) Avoiding claims and excessive demages from lowered
ground water tables wherever pessible, :

9=-02, Alternate Studies, = Having eliminated the possibility of
alternate methods of overall development, {See Sec. 9), the foundabion
of the site was investigated by mcans of borings and seismic exploratciouss
A rock contour mep was propared and various alignments of tunnel and
chemncl studiede The most economical outlct portal location was detore
mined and is shown on Platc No,. Le

9~0%, Board of Consultants. - a. Theo plan was presented to the
Board of Consultants consisting of Mossrse W. H. MeAlpine, Jo D. dustin,
V. F, Uhl, end F. E, Fahlquist, Thoere follows a transcript of the
ninutes of the consultants moeting at which the project was discussed:

Tlorcester Diversion. -~ The party visited the Vlorcestor
Diversion project on 9 April 1946 end inspected the imbake site and
route of the Diversion. o :

The genersal d651gn for the Worcester D1vcrs1on projccet was
discussed in detail at the meeting held in the District 0ffice on 10
ALpril 1646, The basic physical conditions and the design as proposcd
by.the District Offica were outlined by reprosmntatives of tho Plamming
Branch, Hydrology and Reports Branch, Structural Scction and Soils
Laboratory. A guestion-and-answor discussion was then held with rospect
to the major features of the design and investigetions to date and
additional planning necessary for completion of the Definite Project
‘Report,

It was tho opinion of the consultants that the cxplorations
end data wore sufficiently complote to reocommend a definite projcet for
this sitc and that the hydrologic and hydraulic critoria were sufficiont
to procced. Messrs, Hothaway and Winslow.considercd that additional
hydraulic studics should be madc to improvec the intake snd to study the
need for a stilling basin ab tho outlet portal, Messrs. McAlpine, Justin
and Uhl expressed doubt as to the neced for a stilling basin,



The foundations for the tunncl were considered by the
Board and it wes agrced.that sufficimt. cxplorations had beom nmade
for the purposcs of the definite projeet report. Mr. Fahlguist was
of tho opinion that the present location of the westerly (intake)
scebion of the tunnol is.the best that can be found for minimuym langth
of tunnel md groestost ccononmy ond steted thet the overburdam through
which the westorly 600 foet of tumecl will bo constructed is a vory
compact glacial till (class 9 and 11}, Hr, Fohlquist considarcd the
rock linc sufficlwmtly well defined for prescnt purposcs ond.commented
that, from inspection of the hillsidc along Route 12, there oppeared
to be mo possibility of a more cconomical location wharc-all tummel con-
struction would be in rock, Mr, licAlpinc would prefer to have tho ine
take structurc and the tunncl in carth scetion constructced on rock or
resting on pillers carricd to rock and suggoestod thet additional in-
vestigotions be made coveoring that possibility. Allowonce for stocl
sheel piling in eostimeting the unwatoring of tho intekc was also sug-
gosbods Somc concorn wns cxpressed regording the stability of the ™ -
slopcs in the dumpod riprap scetion of the channel., It was agrocd
that small failurcs, which could bo corrceted by ennual meinvenanco,
might ocowr but that the design as proposcd would be s9ulsfactory for
the purposcs of the definite prO]cct report, o

: The Board considared that the design of the tumcl was
conscrvotive, Messrs. Justin ond Uhl considered theot the lining of
the tummecl in rock should not be morce than 12% thick, It was agrecd
that the longth of momoliths in the tumnel should not axeced 20 foct.
A floxible joint beotween the dunnol scetions in carth ond.rock was
rccommonded, Tho Booard agrcod thot grouting around the tunncl in rock
should be required throughout, o

The Board considarod the problem of trash racks at the
intoke end was divided as to the neocessity therefor, Mr. Mctlpine
favored o boom insteood of a trash rock and Mr., Uhl suggested widely
spacod rack bers. Viith rogard to ollowabkle velocitios over riprap at
the intoke structuro, Mr, McAlpine folt that such proteetion should bo
considered adeguate for weiccitics not oxcocding cight to ton feet por
scecond. IMr. Uhl concurrcd, Ir. Justin thought thot tho meximum voelocity
for such protcetion should be limited to six foct por socond, snd ro-
commended that the conerebe paving on the bottom be extanded to the ond
of the intake treining wallsa

Fith refwence o o question reiscd regarding possible
8ilting of tho intoko struchburc, the Board genorally agreced thot o minor
omount of silting might toko ploaco but did not cmsider the problem
sufficlently scrious to justify eny special proventive construction.

It was fclt that periodic sluicing through the gates would ordinarily
remove the minor silt doposits cncountored. Mr. McAlpine folt that
climination of tho trash rocks would tond to merovc the situation as
regords possa.blc silting,



The possibility of drowdown of domestie wclls in the
vicinity of the tumnel wos pointoed ocut. The Board concurred in the
desirability of the instollation of groundwabor obscrvation wells for
obtaining data as proposcd by this officc. Mr., Fahlquist congidered

thet measurcs necossory to provent drowdown of wells during tuwmel con
struction would be improacticable and expeansive,

bs Hodification of design of inmtakc ond stilliﬁg bosin
wos discussed with Hr. Uhl on 16 July 19&6 The design was approved
as presentod,



